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International Joint Commission
Canada and United States
The Great Lakes Water Quality Board has accepted the report of the
Chlorine Objective Task Force and is pleased to submit it to the International
Joint Commission.
We wish to point out to the Commission that the process developed by the
Task Force for socio—economic assessments appears to have benefit for use by
the jurisdictions, but not for application on a basinwide basis (Recommenda—
tion 8). Also, Recommendation 10, which calls for the IJC and Water Quality
Board to assist the jurisdictions in their assessments seems to be
inconsistent with Recommendation 8 and the cost to the IJC and the Board to
carry out the recommendation would be excessive.
The suggestion was made that
the Regional Office might monitor the application of such socio-economic
procedures, where they are feasible, by the jurisdictions and report
periodically on these activities.
Since this report represents a pioneering effort for this type of
evaluation, it might be helpful to review the reasons for initiating this
study.
The Great Lakes Water Quality Agreement of 1972 was based on a concept of
adopting water quality objectives to achieve improved water quality in the
Great Lakes System.
These objectives were goals to be maintained or achieved
in the boundary waters through effective pollution control programs in both
countries.
The Agreement listed General and Specific Water Quality Objec-
tives, and made provision for modifying existing objectives and adopting new
ones.
These provisions were continued in the 1978 Great Lakes Water Quality
Agreement.
Proposed new and revised water quality objectives were recommended to the
International
Joint Commission by the Great Lakes Water Quality Board in the
Board's
Annual
Reports
for 1974,
1975
and
1976.
Most
of
these
objectives
were
the subject of public hearings by the IJC and were
included
in the 1978
Agreement by the Parties.
Not included in the Agreement were the objectives
for chlorine,
cyanide,
silver and temperature.
The Water Quality Board was
asked
to continue
its
consideration
of
these
objectives.
iii
  
These water quality objectives were developed on the basis of
scientifically defensible data to protect the most sensitive beneficial use.
No consideration was given to the socio-economic implications of achieving the
objective. It was assumed that the jurisdictions would consider designated
uses, social and economic factors, and technical capability in translating the
objectives into their water quality standards and other regulatory require—
ments.
Concern for the socio-economic implication of achieving the objectives has
been expressed on several occasions by the IJC and others and was discussed
during the Commission's hearings on objectives.
In an attempt to answer these questions, the Water Quality Board decided
to examine the practicality of reviewing the socio-economic impact of one
water quality objective. The chlorine objective was chosen for the test
because it would be applied on a broad basis throughout the Great Lakes
Basin. Accordingly, the Water Quality Board established the Chlorine
Objective Task Force early in 1978 to assess the socio-economic impact of the
proposed chlorine objective and the practicality of implementing and
monitoring regulatory actions. This is the first time that IJC has sponsored
such an economic and social assessment of an ambient water quality objective.
This report is the result of the Task Force's efforts. We trust that it
will provide helpful guidance for carrying out socio-economic assessments of
water quality objectives.
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The Chlorine Objective Task Force was established to assess the social and
economic implications of approaching or achieving the proposed ambient
objective for total residual chlorine of 0.002 mg/L in surface waters
receiving effluent from municipal sewage treatment plants, industrial
establishments and any other source of continuous chlorine discharge.
An
additional objective of the Task Force has been to determine the extent to
which chlorine disinfection practices contribute to potentially hazardous
chlorinated organic chemicals in the Great Lakes and in drinking water
supplies.
A third major effort involved the identification and evaluation of
alternative technologies and strategies for the disinfection of sewage
treatment plant effluents in the Basin.
SUMMARY
This is the first
such socio-economic
assessment ever undertaken for the
Water Quality Board.
The methodological framework used in this analysis
identified the various social and economic consequences that might result in
the course of achieving a proposed objective.
Quantitative measures of these
consequences, together with knowledge of how they are distributed among
different groups or sectors, are necessary to make assessments that will lead
to choices about which actions to take.
The Task Force did not undertake a traditional economic cost-benefit
analysis exercise because neither quantitative biological data nor dollar
value estimates of certain key consequences, i.e. the changes in damages to
aquatic life and the changes in risk to human health, were available.
Nevertheless, the study specified the kinds of data and information that
jurisdictional agencies should compile in order to make social and economic
assessments of this nature.
A review of chlorine production
and use data for the United States and
Canada was undertaken to gain an economic overview of the industry.
The
sources and relative importance of free and combined chlorine residuals were
also examined.
Sewage treatment plants constitute the major continuous source
of combined chlorine residual.
The amounts of chlorinated organic residues
generated at sewage treatment plants are miniscule compared with the
chlorinated residuals discharged by industry.
However, very little of these
residues find their way into drinking water
supplies.
The primary source of
chlorinated organic
compounds in municipal
water supplies is the result of
in—plant chlorination which combines with humic matter in the raw source of
water.
To the extent that achievement of the objective will
entail changes
in
sewage
treatment plant effluent disinfection and cooling water biofouling
control
practices, three
interrelated consequences of effects are most
pertinent:
  
1.
the
pro
tec
tio
n
of
pub
lic
hea
lth
fro
m b
act
eri
al
con
tam
ina
tio
n
in
raw
water supplies and recreational waters;
2.
the
pro
tec
tio
n o
f a
qua
tic
lif
e,
esp
eci
all
y f
rom
chl
ori
ne
tox
ici
ty
and
3.
the
fin
anc
ial
cos
ts
of
dis
inf
ect
ing
eff
lue
nts
or
bio
fou
lin
g c
ont
rol
.
Mic
rob
iol
ogi
cal
obj
ect
ive
s,
dis
inf
ect
ion
pra
cti
ces
and
pol
ici
es
tha
t a
re
cur
ren
t f
or
the
Gre
at
Lak
es
jur
isd
ict
ion
s a
re
rev
iew
ed.
The
unc
ert
ain
tie
s
abo
ut
cur
ren
t d
isi
nfe
cti
on
pra
cti
ces
and
the
deb
ate
amo
ng
rel
eva
nt
aut
hor
iti
es
abo
ut
sew
age
tre
atm
ent
pla
nt
eff
lue
nts
are
sum
mar
ize
d.
The
pro
ble
ms
inv
olv
ed
in
def
ini
ng
mix
ing
or
lim
ite
d u
se
zon
es
are
exp
lai
ned
.
Dif
fer
ent
siz
es
of
mix
ing
zon
es
wer
e n
ot
exp
lic
itl
y c
ons
ide
red
in
the
eva
lua
tio
n o
f d
isi
nfe
cti
on
opt
ion
s,
pri
mar
ily
bec
aus
e t
her
e i
s n
o s
ing
le,
acc
ept
ed
cri
ter
ion
or
par
ame
ter
for
det
erm
ini
ng
the
siz
e o
f s
uch
a z
one.
Chlo
rina
tion
for
biof
ouli
ng c
ontr
ol
in i
ndus
tria
l a
nd p
ower
plan
t coo
ling
wate
r re
sult
s in
a le
ss p
robl
emat
ic
inte
rmit
tent
disc
harg
e of
resi
dual
chlo
rine
.
Neve
rthe
less
, t
here
appe
ars
to b
e ad
equa
te t
echn
ical
and
rela
tive
ly
low cost methods of reducing the use of chlorine or eliminating the residuals
altogether from these sources where local conditions require it.
The train derailment in Mississauga, Ontario on November 10, 1979 and the
subsequent evacuation of 250,000 residents because of the release of chlorine
gas from a single railway tank car illustrates the magnitude of risks
associated with the transportation, storage and use of chlorine. However, the
actual amounts of chlorine used for sewage treatment effluent disinfection
appears to be small relative to the total. Risk of transit accidents would
probably not be significantly altered by a reduction in chlorine use in this
sector.
Various sewage treatment plant effluent disinfection technologies and
systems are identified and evaluated. Of those considered, only ozonation and
ultraviolet light are sufficiently developed to be installed in appropriate
existing or new sewage treatment plants and appear to generate no problematic
by-products. To date there is no published evidence as to the degree of
toxicity of these by—products. Researchers are, however, endeavouring to find
the answers. It is also noted that bacterial contamination of surface waters
could result from a variety of sources of which only sewage treatment plant
effluents are presently disinfected.
Seven disinfection strategies are identified which could be implemented to
help move toward or achieve the chlorine objective. These strategies could be
implemented by jurisdictions or over the entire Basin. Assuming
implementation over the entire Basin, the strategies were then evaluated in
terms of six key criteria:
progress toward meeting the objective; r
financial implications for operators of existing sewage treatment
plants;
effects on aquatic life;
public health risk;
government enforcement activities and
possible employment implications.
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 Finally, the implications for new and expanded sewage treatment plants are
noted along with several comments on the implementation of the strategies by
the relevant jurisdictions.
CONCLUSIONS
1.
10.
Economic and social assessments of environmental objectives can be helpful
in setting project priorities, identifying least cost technologies and
justifying regulatory or enforcement actions.
North American chlorine production totals approximately 11 million tonnes
per annum.
Only about 5% of this production is used for purposes of water
and wastewater disinfection.
Power plant intermittent usage is
significantly smaller than municipal usage.
There is little documentation of identified residual chlorine problem
areas in the Great Lakes.
Consequently, the benefits of approaching or
achieving the chlorine objective in terms of protecting
aquatic
life are
difficult to determine with any accuracy.
The contribution of chlorinated organics due to chlorination
by sewage
treatment and power plants is insignificant when compared with industrial
discharges.
Industrial contributions of residual chlorine discharges are minimal
compared with municipal and power plant sources.
There
is substantial
evidence to
indicate that most of the halomethanes
and other chloro—organics found in treated drinking water are formed by
the chlorination of humic matter during actual drinking water treatment
and that they do not enter the plant from industrial or municipal waste
discharges.
Health and sanitary engineering authorities are not unanimous
about the
need for disinfection of wastewaters or about the health risks associated
with reduced disinfection or its relevance to breaking cycles of potential
water borne infectious diseases.
The Task Force concludes that the
elimination of disinfection year-round is a viable
option to be considered.
Jurisdictions
can make their own assessment of mixing zone size.
Allowance for mixing zones will then mitigate or otherwise alter certain
consequences, i.e. possibly result in lower financial costs of achieving
the objective or in an increase in the risk and damage to aquatic life.
Although the proposed chlorine objective is not intended for intermittent
chlorine discharges from power plants, there is scope for minimizing the
application of chlorine.
Hence, the reduction in chlorine residual
loadings in a number of power plants.
Where problems and damages to
aquatic life warrant, dechlorination appears to be a feasible means of
eliminating hazards to aquatic life until other mechanisms for biofouling
control that do not use chlorine are developed.
Some 150 chlorine related accidents are reported annually in Canada and
the United States.
The potential for accidents and significant damage to
_ 3 _
11.
12.
13.
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op
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ty
wil
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t
wh
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ev
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st
or
ed
or
us
ed
in
la
rg
e
am
ou
nt
s.
Re
du
ci
ng
or
el
im
in
at
in
g
sew
age
tre
atm
ent
pla
nt
eff
lue
nt
chl
ori
nat
ion
wou
ld
not
lik
ely
sig
nif
ica
ntl
y
red
uce
the
fre
que
ncy
of
tra
nsp
ort
ati
on
acc
ide
nts
bec
aus
e
of
th
e
re
la
ti
ve
ly
sma
ll
ch
lo
ri
ne
us
ag
e
fo
r
pu
rp
os
es
of
di
si
nf
ec
ti
on
.
For
exi
sti
ng
sew
age
tre
atm
ent
pla
nts
in
the
Bas
in,
the
alt
ern
ati
ve
te
ch
no
lo
gi
es
to
ch
lo
ri
ne
di
si
nf
ec
ti
on
ca
nn
ot
be
re
tr
of
it
te
d
at
th
e
pr
es
en
t
tim
e
wit
h
cer
tai
nty
of
eff
ect
ive
nes
s
and
wit
hou
t
upg
rad
ing
eff
lue
nt
qua
lit
y
in
mos
t
pla
nts
.
Ozo
ne
and
ult
rav
iol
et
rad
iat
ion
tec
hno
log
ies
may
be
app
lie
d
in
new
pla
nts
or
whe
re
pla
nts
are
exp
and
ed
or
are
pro
duc
ing
upgraded effluents.
Str
ate
gie
s c
ons
ide
red
rel
eva
nt
for
mov
ing
tow
ard
and
/or
ach
iev
ing
the
chl
ori
ne
obj
ect
ive
in
sew
age
tre
atm
ent
pla
nts
inc
lud
e:
a)
imp
rov
e t
he
eff
ici
enc
y o
f p
res
ent
chl
ori
ne
dis
inf
ect
ion
pra
cti
ces
;
b)
imp
lem
ent
sea
son
al
dis
inf
ect
ion
in
all
Gre
at
Lak
es
pla
nts
;
c)
add
dec
hlo
rin
ati
on
to
pre
sen
t c
hlo
rin
e d
isi
nfe
cti
on
pro
ces
ses
and
practices;
d) install alternative disinfection technologies;
e) eliminate disinfection altogether and
f) improve outfall diffusion structures.
The
fol
low
ing
are
sum
mar
ies
of
the
con
seq
uen
ces
of
eac
h d
isi
nfe
cti
on
str
ate
gy
bas
ed
on
a q
ual
ita
tiv
e e
val
uat
ion
by
Tas
k F
orc
e m
emb
ers
:
a)
Cont
inua
tion
of c
urre
nt p
ract
ices
woul
d re
sult
in a
nnua
l e
xpen
ditu
res
in the order of $4.2 million in Canada and the United States for
chlo
rine
used
in d
isin
fect
ion.
Dama
ges
to a
quat
ic
life
and
habi
tat
are presumed to be occurring although there are no systematic or
aggregate data to illustrate the magnitude of effects.
b) More efficient chlorination could be undertaken at many locations
with little or no financial cost, with presumed reductions in damages
to aquatic life and habitat and with no change in public health risk.
c) Seasonal chlorination could be implemented on a wider basis in the
United States jurisdictions with a maximum potential financial saving
of about $1.5 million per year, with reduced damages to aquatic life
and habitat during the non—chlorination season and with no perceived
changes in public health risk.
d) Dechlorination with sulphur dioxide could be installed on about 116
Great Lakes Basin plants in the United States and Canada at an
approximate capital cost of $23.8 million. These facilities would
cost approximately an additional $5 million per year to operate.
Damages to aquatic life and habitat from chlorine would be reduced
and there would be no perceived change in health risks.
_ 4 _
 14.
15.
16.
e) If wastewater disinfection were to be eliminated entirely throughout
the Basin, the chlorine objective would be achieved and there would
be an approximate saving of $4.2 million per year. Aquatic life and
habitat would be protected year—round but risks to public health
would be perceived to be increased, especially in terms of
recreational waters.
The feasibility of installing diffusers will have to be determined on a
case-by-case basis.
Diffusers are, in any event, more appropriate for new
and upgraded plants.
Evaluations of the strategies lead the Task Force to conclude that more
efficient chlorination and seasonal chlorination in the United States
plants could be implemented immediately with substantial benefit and
little or no added cost.
Decisions about changes in disinfection practices will be made at the
state, provincial and sometimes at the local level.
It is, therefore,
clear to the Task Force that the detailed, quantitative field and case
studies necessary to make these decisions are more appropriately
accomplished by the relevant agencies of these jurisdictions.
RECOMMENDATIONS
The Task Force recommends that:
Technological
1.
All jurisdictions undertake to improve the efficiency of present
chlorination practices where cost savings warrant.
The United States jurisdictions consider implementing seasonal
disinfection as is permitted in Ontario under defined circumstances.
Before embarking on new and refined wastewater disinfection
technologies,
resources should be devoted to improving and upgrading municipal
wastewater treatment facilities.
Dechlorination facilities be considered only for those locations where
documentation shows substantive damages to aquatic
life.
For projected new and expanded sewage treatment plants, jurisdictions
should
i
a)
design the facilities to achieve better effluent quality than is
i
presently the norm;
1
b)
incorporate non-chlorine disinfection technologies, including
diffusers if warranted and
c)
study methods and the feasibility of implementing no disinfection.
 
 Socio—economic
6.
10.
The
Wate
r Qu
alit
y Bo
ard
and
the
cons
titu
ent
juri
sdic
tion
s us
e t
he re
port
:
a) as a framework for conducting assessment of other water quality
objectives;
b) as a guide in making informed decisions as to how, where, when and to
what extent the chlorine objective might be achieved;
c) as a guide for municipal authorities in developing implementation
programs and
d) as evidence in support of relevant regulatory actions by state,
provincial or federal authorities.
Where changes in disinfection practices and policies other than those
noted in Recommendations 1 and 2 are contemplated, agencies in the
jurisdictions should undertake the necessary social, economic and risk
assessments.
Future socio—economic assessments of proposed objectives should be carried
out by the jurisdictions.
All jurisdictions undertake (as is feasible) to document environmental
effects and damages to aquatic life and habitat in a quantitative,
systematic and comparable manner.
The IJC and the Water Quality Board assist the jurisdictions by:
a) establishing a list of the personnel that would be available from the
member jurisdictions to provide expertise on these topics;
b) developing criteria upon which to base a recommendation to undertake
a socio-economic assessment;
c) identifying to the relevant jurisdictions where social, economic and
risk assessments should be undertaken;
d) developing methods for measuring environmental effects and damages to
aquatic life and habitat;
e) disseminating the results of these studies and
f) incorporating social and economic factors into other relevant
committees, subcommittees and task forces. For example, the Aquatic
Ecosystem Objectives Committee could identify and review the various
consequences of several possible objective levels for a given
contaminant.
 11.
The
following
recommendation
of
the
Remedial
Programs
Subcommittee
be
acted upon:
"The
Water
Quality
Board
supports
the
development
of
guidelines
by
the
jurisdictions
for
selection
of
sites
where
chlorination
requirements
can
be
relaxed
without
adversely
affecting
public
health."
(Remedial
Programs
Subcommittee,
1975,
p.
2)

ll
BACKGROUND AND STUDY OBJECTIVES
In the 1974 Annual Report, the Water Quality Objectives Subcommittee
proposed that the maximum ambient concentration of total residual chlorine be
0.002mg/L in the boundary waters of the Great Lakes. The Water Quality Board
subsequently directed the Surveillance and the Remedial Programs Subcommittees
to report on the technical capabilities for monitoring such low concentrations
of chlorine in water and to investigate methods for achieving the proposed
objective. A Chlorine Objective Task Force was constituted in 1975 to study
these issues in detail.
The first Chlorine Objective Task Force submitted its report in 1976
(Chlorine Objective Task Force, 1976). The key findings were that
disinfection of sewage treatment plant discharges were required to protect
public health and that it would be technically impossible to achieve the
proposed chlorine objective at all times and in all locations. Some
procedural guidelines to help effect reductions in the use of chlorine at
municipal wastewater treatment plants were also presented. The first Task
Force noted that there were several technical issues that needed further study
and it emphasized that the costs of implementing the objective could be very
high.
It should be noted here that, traditionally, the Water Quality Objectives
Subcommittee based its recommendations entirely on technical and biological
criteria. That is, a target ambient concentration was chosen such that there
would be no known effects on aquatic life. Economic and social implications
were not explicitly considered. However, in addition to the findings of the
Chlorine Objective Task Force, other parties have expressed concerns to the
IJC and the Water Quality Board about the costs of achieving various water
quality objectives.
Consequently, in early 1978 the Water Quality Board decided to address
these economic concerns and it directed that an assessment of the economic and
social implications of achieving the chlorine objective be undertaken. It
further directed that the formation of an Objective Assessment Subcommittee be
considered. It was envisioned that this Subcommittee could provide economic
and social input in setting objectives and it could assess the economic
feasibility of achieving objectives already established on the basis of
scientific or human health criteria.
The present Chlorine Objective Task Force is, therefore, seen as a test
case for undertaking social and economic assessments of proposed water quality
objectives under the aegis of the Great Lakes Water Quality Board.
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1.
By
how
muc
h
and
by
wha
t m
ean
s
cou
ld
the
ope
rat
ion
of municipal wastewater treatment plants and
ind
ust
ria
l
pro
ces
ses
be
cha
nge
d
to
min
imi
ze
the
discharge of chlorine to the Great Lakes?
2.
Det
erm
ine
the
cos
ts
ass
oci
ate
d w
ith
alt
ern
ati
ves
to the process of chlorination.
3.
Det
erm
ine
the
pra
cti
cab
ili
ty
of
suc
h a
lte
rna
tiv
es
given the present technology in use in the Basin.
4. Consideration of the above by making explicit
assumptions regarding effluent limitations and/or
mixing zones.
5. Determine the above by studying two or more
specific sites in the Great Lakes which would
allow the full examination of the above factors.
The primary objective of the Task Force is to assess the social and
eco
nom
ic
imp
lic
ati
ons
of
app
roa
chi
ng
or
ach
iev
ing
the
amb
ien
t o
bje
cti
ve
for
tota
l r
esid
ual
chlo
rine
of 0
.002
mg/L
by c
ontr
olli
ng a
nd/o
r al
teri
ng
cont
inuo
us
chlo
rine
expo
sure
from
any
sour
ce,
part
icul
arly
muni
cipa
l s
ewag
e
trea
tmen
t p
lant
s.
The
gene
ral
inte
rpre
tati
on o
f th
is o
bjec
tive
is t
hat
it i
s
not
mean
t to
refe
r to
inte
rmit
tent
disc
harg
es b
y in
dust
ry o
r po
wer
plan
ts.
An
addi
tion
al
obje
ctiv
e of
this
stud
y ha
s be
en t
o de
term
ine
the
exte
nt t
o wh
ich
chlorine disinfection practices contribute to potentially hazardous
chlo
rina
ted
orga
nic
chem
ical
s in
the
Grea
t La
kes
and
in d
rink
ing
wate
r
supplies.
The
Task
Forc
e ha
s co
nfin
ed i
ts e
ffor
ts
to d
isch
arge
s th
at w
ent
dire
ctly
into the Great Lakes, their interconnecting channels and the first five
kilometers of certain tributary rivers.
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 The present report completes all Terms of Reference except the case
studies. Case studies were not carried out because the Task Force concluded
that they would not alter or result in any substantive changes in Task Force
conclusions or recommendations. Such detailed case studies are more
appropriately carried out by the jurisdictions. Suggestions for such studies
are noted in Chapters 2, 9 and in the Summary, Conclusions and Recommendations.
It is recommended that the Water Quality Board and the constituent
jurisdictions use the report:
1. as a framework for conducting assessments of other ambient water
quality objectives;
2. as a guide in making informed decisions as to how, where, when and to
what extent the chlorine objective ought to be achieved;
3. as a guide to municipal authorities in developing implementation
programs and
4. as evidence in support of relevant regulatory actions by state,
provincial or federal authorities.
_ 11 _

2COMMENTS
ON
METHODOLOGY
Introduction ‘
This is the first economic and social assessment of achieving an ambient
water quality objective sponsored by the IJC. The concepts and methods that
have been used in this study may also be applied to future socio-economic
assessments of other water quality objectives and will, therefore, be
explained in some detail.
Explanation of the Methodology
The achievement of specific ambient levels of chlorine or mixing zone
configurations may require that the discharge of chlorine residuals from
certain sources, e.g. industrial facilities, sewage treatment plants or power
plants be curtailed.
The technical methods of implementing these curtailments
can be specified.
The consequences of undertaking the actions necessary to
achieve the objective will include one or more of the following:
a)
changes in direct financial costs of wastewater disinfection or
biofouling control;
b)
changes in the sales and revenues to the chlorine production and
packaging industries that result from the changes in chlorine demand;
c)
changes in sales and revenues to sectors that produce alternative
disinfection technologies;
d) changes in employment in all sectors directly affected;
e) changes in government effort required to implement the objective;
f) changes in state, provincial and federal government effort to
implement the objective and monitor the ambient conditions;
9) changes in the risk1 and damagesz from pathogens found in sewage;
h) changes in risk and damages from chlorinated organic compounds;
i) changes in risk caused by accidents that occur during the
transportation and use of chlorine;
IChance or probability of exposure to pathogens, chemicals and their adverse
effects.
2Damages refer to the actual disease and deaths as well as to property
damages that can be attributed to the consequence.
_ 13 _
 
  
j)
chan
ges
in t
he r
isk
and
dama
ges
to f
ish
popu
lati
ons
and
othe
r aq
uati
c
life due to chlorine and
k)
pub
lic
per
cep
tio
n o
f a
nd
rea
cti
on
to
the
ris
ks
and
dam
age
s a
nd
to
the
alt
ern
ati
ves
for
ach
iev
ing
the
obj
ect
ive
and
to
oth
er
con
seq
uen
ces
.
The
con
seq
uen
ces
lis
ted
abo
ve
are
sum
mar
ize
d i
n T
abl
e l
.
The
rel
eva
nt
qua
nti
fie
rs
for
eac
h c
ons
equ
enc
e a
re
not
ed
in
the
tab
le
and
the
gro
up
or
par
ty
tha
t i
s p
ote
nti
all
y a
ffe
cte
d b
y t
he
con
seq
uen
ce
is
not
ed
as
well
.
The
re
are
two
typ
es
of
"qu
ant
ifi
ers
"
spe
cif
ied
in
Tab
le
1.
Fir
st,
the
re
are
dat
a t
hat
are
qua
nti
tat
ive
, f
act
ual
and
bas
ica
lly
val
ue-
fre
e,
suc
h a
s t
ons
of
chl
ori
ne,
num
ber
s o
f f
ish
kil
led
, n
umb
ers
of
peo
ple
at
ris
k,
num
ber
s o
f m
an—
hou
rs
or
yea
rs
wor
ked
,
etc
.
Sec
ond
, t
her
e a
re
dat
a t
hat
are
qua
nti
tat
ive
but
are
sub
jec
tiv
e a
nd
eva
lua
tiv
e.
The
se
inc
lud
e p
ric
es,
the
dol
lar
val
ues
of
mat
eri
als
and
of
dif
fer
ent
act
ivi
tie
s a
nd
peo
ple
's
pre
fer
enc
es.
Fin
all
y,
qua
lit
ati
ve
ins
igh
ts
can
be
gai
ned
on
con
seq
uen
ces
abo
ut
whi
ch
the
re
is
oth
erw
ise
lit
tle
qua
nti
tat
ive
data
.
The
dir
ect
ion
of
the
cha
nge
s a
nd
who
bear
s th
e co
nseq
uenc
e ar
e ex
ampl
es o
f th
ese
qual
itat
ive
insi
ghts
.
Thes
e co
nseq
uenc
es m
ay b
e br
oadl
y cl
assi
fied
as e
ithe
r be
nefi
ts o
r co
sts.
Bene
fits
refe
r to
thos
e co
nseq
uenc
es w
hich
are
view
ed
as c
ontr
ibut
ions
to
huma
n we
ll—b
eing
.
Cost
s re
fer
to t
hose
cons
eque
nces
that
cons
titu
te t
he
expe
ndit
ure
of r
esou
rces
or o
ther
wise
dimi
nish
huma
n we
ll
bein
g.
Each
of
thes
e co
nseq
uenc
es
also
has
a di
stri
buti
onal
pers
pect
ive
in t
hat
some
one
or
some
grou
p be
ars
the
cons
eque
nce.
Cons
eque
nces
may
be c
lass
ifie
d as
a be
nefi
t
or a
cost
depe
ndin
g on
this
dist
ribu
tion
al
pers
pect
ive.
Ther
efor
e,
a co
st
(exp
endi
ture
of r
esou
rces
) t
o on
e pa
rty
will
cons
titu
te a
bene
fit
(an
incr
ease
in r
even
ue o
r a
savi
ng)
to a
rece
ivin
g pa
rty.
For
this
reas
on,
it i
s of
ten
not
poss
ible
to i
mmed
iate
ly c
lass
ify
all
the
cons
eque
nces
list
ed i
n Ta
ble
1
as
eit
her
ben
efi
ts
or
cos
ts.
The
y b
eco
me
ben
efi
ts
and
cos
ts
as
one
eva
lua
tes
spec
ific
prog
rams
or a
lter
nati
ves
and
iden
tifi
es
lose
rs a
nd g
aine
rs.
In order to make unambiguous comparisons or evaluations, each of the
cons
eque
nces
shou
ld b
e me
asur
ed u
sing
comm
ensu
rabl
e un
its.
Mone
y or
doll
ar v
alue
s ar
e wi
dely
used
to c
ompa
re a
nd e
valu
ate
both
publ
ic a
nd p
riva
te
investment projects or activities in order to make planning decisions. Money
values not only provide common units to the various pertinent consequences,
but they also give relative weights to each consequence; the more expensive
some
thin
g is
or t
he m
ore
reve
nue
it y
ield
s,
the
more
sign
ific
ance
or w
eigh
t it
has in the context of the market economy. '
However, not all of the consequences specified in Table 1 can be measured
directly in monetary units. This is an important, but not an insurmountable,
impediment to a systematic assessment of the benefits and costs of
environmental objectives and environmental protection activities. Where the
consequences cannot easily be expressed in dollars, other appropriate physical
units or quantifiers can be used. Costs and benefits can still be
systematically tabulated in these appropriate units; comparisons and
evaluations can be systematically made on the basis of clearly defined
criteria, and rational decisions can be made with the explicit use of
judgement. Moreover, the consequences listed in Table 1 have varying degrees
of significance in different situations. Empirical study may reveal that only
two or three of the consequences are important for making decisions. This
eases the task of comparing different types of consequences and physical units.
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 TABLE 1
POTENTIAL
CONSEQUENCES OF
ACHIEVING THE
PROPOSED
CHLORINE OBJECTIVE, QUANTIFIERS AND GROUPS DIRECTLY AFFECTED
 
GROUPS DIRECTLY
 
CONSEQUENCE
QUANTIFIERSl
AFFECTED
1.
Changes in Direct Costs of
Municipalities
Chlorine use
3
Industrial Groups
Power Plants
2.
Changes in Sales and Revenues Tons of Chlorine
Chlorine Industry
of Chlorine
Primary Producers
Packagers or
Merchandisers
3.
Changes in Sales and Revenues
$
Other industries
of alternative tech-
and companies
nologies
4.
Changes in Employment
Number of Employees
Industry,
-
Man
Years
municipalities,
tourist
industry
5.
Changes
in government
Man Years
U.S. & Canada
regulatory effort
Federal Govein-
- Implementation
ments
— Regulation
State Governments
- Monitoring
Province of Ontario
6.
Changes in damages2 &
Risk of disease
Population consuming
risk3 from pathogens in
Mortality
water
sewage
Morbidity
Population swimming
— in drinking water
in recreational
— in recreational water
water
Tourist Industry
7.
Changes in damagesz &
Mortality
Population consuming
risk3 from chlorinated
Morbidity
water
organics
Risk of disease
Population who eat
- in drinking water
contaminated fish
— in fish
8.
Changes in damages2 caused
Mortality
Individuals
by accidents that occur Injuries
during transportation and Property damages
use of chlorine Compensation payments
9.
Changes
in the damages2
&
Fish mortality
Sport & Commercial
risk3 to fish popula-
Presence or absence of
fishermen
tions and other aquatic
species
Tourist Industry
life due to chlorine $ value of sport or
in sewage commercial fishery
affected
Fish and spawning hab-
itat improvement
10. Public perception and re-
Complaints
"Public"
action to different
disinfection alternatives
  
Government Agencies
IJC
1There are two types of "quantifiers".
First, there are factual value-free
quantifiers such as tons of chlorine or numbers of people sick or who
have died.
dollar value prices and complaints.
Second, there are subjective and evaluative quantifiers such as
2Damages refer to the actual disease and deaths as well as to property
damages that can be attributed
to the consequence.
3Risk is the chance or probability of experiencing a consequence such as
the disease.
The greater the exposure to pathogens or exotic chemicals,
the greater the probability that one person (or more people in a given
population) will experience adverse effects, i.e. disease, poisoning.
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If
all
con
seq
uen
ces
cou
ld
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exp
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sed
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lar
s
and
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efi
ts
and
co
st
s
of
ea
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ra
te
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te
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ex
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e
al
te
rn
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iv
e
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ma
xi
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be
ne
fi
ts
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lo
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net
co
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co
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d
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un
eq
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ca
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de
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rm
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Ho
we
ve
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be
ca
us
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ss
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de
te
rm
in
e
do
ll
ar
va
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of
all
of
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e
re
le
va
nt
co
ns
eq
ue
nc
es
,
a
ri
go
ro
us
ec
on
om
ic
be
ne
fi
t
co
st
an
al
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has
not
be
en
pe
rf
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me
d
by
th
e
Ta
sk
Fo
rc
e.
Ra
th
er
,
th
e
ap
pr
oa
ch
in
th
is
st
ud
y
has
be
en
to
as
se
mb
le
and
dis
pla
y t
he
rel
eva
nt
cos
t
and
oth
er
dat
a
alo
ng
wit
h
any
ass
ump
tio
ns
use
d
in
est
ima
tio
ns
for
all
to
see
and
to
cri
tic
ize
.
At
the
ver
y
lea
st,
the
low
co
st
me
th
od
s
or
st
ra
te
gi
es
fo
r
ac
hi
ev
in
g
sp
ec
if
ic
ob
je
ct
iv
es
ca
n
be
de
te
rm
in
ed
.
Im
po
rt
an
t
ga
ps
in
qu
an
ti
ta
ti
ve
in
fo
rm
at
io
n
ne
ed
ed
fo
r
po
li
cy
de
ve
lo
pm
en
t
and
ev
al
ua
ti
on
can
al
so
be
id
en
ti
fi
ed
.
Dec
isi
ons
may
not
be
any
eas
ier
to
mak
e,
but
by
usi
ng
the
pro
ced
ure
s
out
lin
ed
her
e,
the
y w
ill
be
mor
e
inf
orm
ed
and
,
per
hap
s,
una
nim
ous
.
Social and Economic Assessments
 
The
pro
pos
ed
chl
ori
ne
obj
ect
ive
is
bas
ed
on
the
mos
t s
ens
iti
ve
use
by
aqu
ati
c
lif
e f
rom
an
ana
lys
is
of
dat
a
on
the
eff
ect
s
of
con
tin
uou
s
exp
osu
re
of
aqu
ati
c
lif
e
to
chl
ori
ne.
It
was
det
erm
ine
d
wit
hou
t
exp
lic
it
con
sid
era
tio
n
of
the
cos
ts
of
ach
iev
ing
the
obj
ect
ive
or
of
tak
ing
ste
ps
to
mov
e
tow
ard
it.
It
als
o
app
ear
s
tha
t
the
ben
efi
ts
of
ach
iev
ing
the
obj
ect
ive
wer
e
not
sys
tem
ati
cal
ly
enu
mer
ate
d
and
exp
lic
itl
y c
omp
are
d w
ith
the
cos
ts.
By
set
tin
g e
nvi
ron
men
tal
obj
ect
ive
s
in
thi
s m
ann
er,
it
is
imp
lie
d t
hat
the
mos
t s
ens
iti
ve
use
or
spe
cie
s o
f a
qua
tic
lif
e t
hat
is
pre
ser
ved
is
wor
th
wha
tev
er
cos
ts
mus
t
be
inc
urr
ed
to
ach
iev
e
the
obj
ect
ive
.
If
fin
anc
ial
and
oth
er
res
our
ces
wer
e
lim
itl
ess
,
the
n
the
que
sti
on
of
cos
ts
to
ach
iev
e
thi
s
and
oth
er
env
iro
nme
nta
l
obj
ect
ive
s
wou
ld
be
irr
ele
van
t.
But
,
of
cou
rse
,
res
our
ces
are
not
lim
itl
ess
so
tha
t
ind
ivi
dua
ls
and
gov
ern
men
ts
mus
t m
ake
cho
ice
s
abo
ut
all
oca
tin
g
sca
rce
mon
ey
and
tim
e a
mon
g t
he
man
y i
mpo
rta
nt
pro
ble
ms
and
wor
thy
soc
ial
goa
ls
tha
t c
omp
ete
for
the
se
res
our
ces
.
Eco
nom
ic
pri
nci
ple
s p
rov
ide
use
ful
rul
es
and
gui
del
ine
s f
or
mak
ing
the
se
cho
ice
s.
Soc
ial
-ec
ono
mic
ass
ess
men
ts
are
int
end
ed
pri
mar
ily
to
sho
w,
as
cle
arl
y a
s
pos
sib
le,
the
mag
nit
ude
and
the
dis
tri
but
ion
of
the
cos
ts
and
ben
efi
ts
of
alt
ern
ati
ve
pol
icy
cho
ice
s.
Fur
the
rmo
re,
suc
h a
sse
ssm
ent
s i
ndi
cat
e w
hic
h
alt
ern
ati
ve
or
cou
rse
s o
f a
cti
on
are
the
mos
t c
ost
-ef
fec
tiv
e o
r a
re
the
mos
t
equ
ita
ble
.
The
inf
orm
ati
on
gen
era
ted
by
a s
oci
al-
eco
nom
ic
ass
ess
men
t w
ill
,
how
eve
r,
con
sti
tut
e o
nly
a p
art
of
the
con
sid
era
tio
ns
in m
aki
ng
dec
isi
ons
or
cho
ice
s.
Whi
le
the
cho
ice
s m
ay
not
be
any
eas
ier
, t
he
inf
orm
ati
on
pro
vid
ed
by
soci
al-e
cono
mic
asse
ssme
nts,
if u
sed,
will
help
peop
le m
ake
more
info
rmed
choices.
Soci
o-ec
onom
ic a
sses
smen
ts a
sk t
wo f
unda
ment
al
and
reas
onab
le q
uest
ions
:
What
does
it c
ost
to a
chie
ve s
peci
fic
envi
ronm
enta
l i
mpro
veme
nts,
and
what
is
gai
ned
or
ach
iev
ed
in
the
way
of
env
iro
nme
nta
l i
mpr
ove
men
t f
rom
spe
cif
ic
environmental protection efforts?
Idea
lly,
in o
rder
for
soci
ety
to u
se i
ts r
esou
rces
prod
ucti
vely
, t
he
envi
ronm
enta
l b
enef
its
deri
ved
from
achi
evin
g an
envi
ronm
enta
l q
uali
ty
obj
ect
ive
sho
uld
be
val
ued
by
soc
iet
y a
s e
qual
to
or
gre
ate
r t
han
the
cos
ts
of
the
good
s an
d se
rvic
es t
hat
are
give
n up
by s
ocie
ty t
o ac
hiev
e it
.
If m
oney
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 and effort must be spent to achieve the chlorine objective in the receiving
waters of the Great Lakes, other activities such as the reduction of
phosphorus, research on hazardous
chemicalsor the upgrading of sewage
treatment plants may have to be foregone.
It is legitimate to ask whether the
benefits of achieving the chlorine objective are worth more to society than
the benefits obtained-by using the money and effort for some other activity.
Since the discharge loadings
of chlorine and many other contaminants are
already rather low, the benefits of further curtailment of loadings or of
ambient concentrations tend to be subtle and sometimes obscure.
Furthermore,
some_ways of achieving the objective may result in an increase in the risk of
adverse human health effects.
One cannot, therefore, conclude a priori that
achieving the chlorine objective will necessarily result in a net benefit to
society in all situations.
It is necessary, therefore, to identify explicitly
and measure empirically the magnitude of the costs and benefits to determine
whether the method or activity in question is rational, i.e. whether the
benefits are reasonably commensurate with the costs.
Even if the benefits of achieving the objective are indeterminate or if a
"political" decision
is made to achieve the objective,
a socio—economic
assessment can still yield additional useful information.
For example, an
explicit assessment of the costs alone will help to determine the least—cost
method of achieving specific levels of protection so that the costs of
achieving specific objectives can be evaluated.
In addition to knowing the magnitudes
involved,
it is
important to know
which groups or sectors of the economy will
bear the costs and enjoy the
benefits of environmental protection.
This information will help to preserve
equity in the implementation of environmental
protection.
The Usefulness of Socio-Economic Assessments
In practical terms, the discussion above means that economic and social
assessments
of
water
quality
objectives
aid
in:
1.
deciding which locations and problem areas are most important;
2.
setting priorities for abatement projects, for the allocation of
enforcement efforts and for setting implementation timetables;
3.
identifying the least-cost technologies for abatement and protection;
4.
justifying implementation of abatement and protection activities and
5.
justifying ngt taking actions or not enforcing compliance in certain
locations.
Single—Valued Objectives versus
Incremental
Changes
Achievement of the proposed objective of 0.002 mg/L throughout the Basin
may be seen as an extreme situation while the existing levels of chlorine
discharges and ambient concentrations constitute the opposite situation.
It
is important to recognize that there are a number of efforts and changes that
can be made to achieve intermediate patterns of discharge control and ambient
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Chlorine Production and Use
 
Chlorine is one of the 10 largest volume products in the chemical
industry.
It
is produced
by electrolysis
with
caustic
soda
(sodium
hydroxide)
as
a co-product.
During
1978
approximately
10 million
tonnes
(11
million
short
tons)
of
chlorine
gas
were
produced
in
the United
States
amounting
to
a
$1.3 billion industry (Chemical & Engineering News, 1979).
Production in all
of
Canada
totalled
about
910,000
tonnes
(one million
short
tons)
during
that
same year.
Production
statistics
for
the
United
States
are
presented
in Table
2.
Canadian production
and trade data are tabulated
in Table 3.
About 1.2 — 1.4 million tonnes
(1.3 - 1.5 million short tons) of the 10
million
tonnes
of
chlorine
produced
in
the United
States
is manufactured
in
plants located
in New York, Michigan
and Ohio.
Regional
production figures
are
not
available
for Canada.
A
total
of
19
chlor—alkali
plants
are
located
in the Great Lakes region of the United States and Canada.
These are listed
in Table 4;
locations
are given
in Figure 1.
Four of these plants
are not
located
directly on
the
Great
Lakes
or
their
interconnecting
channels.
A
total
of
36
firms
produce
chlorine
(and
caustic
soda)
in the
United
States
and
10
different
companies
in Canada
presently
manufacture
this
product
for
internal
use
or
for
sale
on
the
market.
The
pulp
and
paper
industry
uses
approximately
60%
of
the
chlorine
consumed
in Canada,
while
various
industrial
chemical
users
account
for
about
35%.
According
to
Statistics
Canada
approximately
1%
of total
chlorine
consumption or about 8,000 metric tonnes in 1976 were used
bywater and
wastewater
treatment
plants
in Canada.
Data
on
chlorine
consumption
by user
group
in Canada
are
presented
in Table
5.
The Ontario
Ministry
of
the
Environment
estimates
that
about
4,200
tonnes
(4,600
short
tons)
per
year
are
used
by municipal
water
treatment
facilities
and
approximately
2,000
tonnes
(2,200
short
tons)
are
used
for
wastewater
disinfection
annually
in Ontario
which
encompasses
the Canadian
portion
of
the Great
Lakes
Basin.
Ontario
Hydro uses
about
24.6 tonnes
(27.0 short tons) each year for antifouling and
the
disinfection
of
service
water
in
their
six
thermal
generating
stations
and
one
of
their
four
nuclear
establishments.
Consumption patterns in the United States are somewhat different as
indicated by the following data:
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811
38,820
14,801
11,936
14,
732
15,190
22,510
37,
491
 
35,
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22,623
45,513
76,
473
67,
142
75,151
93
,3
67
ChIori
ne Ins
titute
Inc. N
orth A
merica
n ChTo
r-AIka
Ii In
dustry
PIants
and Pr
oducti
on.
Data B
ook, J
anuary
1979.
ChIor
ine
Insti
tute
Pamph
iet
10. p
. 12
and p
. 13.
  
 TABLE 3
CHLORINE PRODUCTION, IMPORTS, EXPORTS IN CANADA
(metric tonnes)
 
YEAR
PRODUCTION
IMPORTS
EXPORTS
1971
772,921
975
30,498
1972
817,373
1,610
32,411
1973 889,948 3,720 42,098
1974
954,358
6,214
69,535
1975 748,894 4,894 71,500
1976 898,336 11,101 76,465
1977 888,324p 17,000p 90,882p
1978 940,712p 17,269p 79,606p
    
p = Preliminary data
SOURCE: Statistics Canada, Catalogue 46-004, (1977 March) §grlﬂgiiﬂﬂl§£iﬂl
ChemicaIs, Manufacturing and Primary Industries Div., V01. 3, No. 9,
Su1furic Acid, Caustic Soda and Chiorine-Annuai.
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CHLOR-ALKALI MANUFACTURING PLANTS IN THE GREAT LAKES REGION
UNITED STATES AND CANADA
LOCA
TION
COMPANY
ELECTROLYT
IC PRODUCT
ION CELLS CONTAINERS FILLEDl
 
Michigan
Midland
Montague
Wyandotte
Nyandotte
New
York
Niagara Falls
Niagara Falls
Niagara Falls
Niagara Falls
Syracuse
Ohio
Ashtabula
Ashtabula
Barberton
Wisconsin
Green Bay
Ont
ari
o
Corn
wall
Dryden2
Hamilton2
Marat
honz
Sarnia
Thunder Bay2
Amherstburg3
 
Dow
Chemical
Hooker Chemical & Plastics
BASF Corp., Wyandotte
Pennwalt Corp.
DuPont
Hooker
Chemica
l
Hooker - IMC Joint Venture
Olin
Corp.
Allied Chemical
IMC Chemical Group, Inc.
RMI Company
PPG Industries Inc.
Fort Howard Paper Co.
Canadian Industries Ltd.
Reed Ltd.
Canadian Industries Ltd.
American Can
Dow Chemical of Canada
Dow Chemical of Canada
Allied Chemical
 
Dow (
diaph)
Hooker
(diaph)
Downs (fused salt)
Hooker (diaph)
Uhde (merc.)
Oil (merc.)
Solvay (merc.)
Hooker (diaph)
Olin El
lF (mer
c.i
Downs (fused salt)
Columbi
a (diap
h)
Hooker
(diaph)
ICI (merc.)
Hooker (membrane)
Dow (diaph)
U
3
m
e
I
m
u
:
i
n
U
5
cts
 
 
l
s - single unit tank cars
c - cylinders
t - ton cylinders
2No longer in operation.
3Produces soda ash by solvay process.
SOURCE: Chlorine Institute, North American Chlor—Alkali Industry Plants and Production.
1979, pp. 2—3.
Data Book, January
  
 50 0 SO ‘00 Mnes
 
Q CHLORINE a CAUSTIC SODA
.
® CHLORINE a. CAUSTIC POTASH
© CHLORINE & SODIUM
@ SO
DA AS
H
"~_. ‘\
Q CHLORINE,CAUSTIC SODA
, e\n I o
&SODA ASH
/
‘
.
L
NIPISSH‘C
0‘0
~\
0
¢
.
o
a
.
0/1
3
CIL(Cornwa|I)
          
      
0
.
FT HOW
ARD ’
\
LAKE
HURON
(Gr
een
Bay
)
\
\
DOW
i
x
(M amm
o
'\
J HOOK
ER
I
(Montague)
./
 
 
 
 
 
 
 
 
 
 
 
 
 
Adapted from the
Chlorine Institute Inc.
~’ DOW(Sam'a)
’
I
F
.
\ ’/’
/
  
“
BASF WYANDOTTE
l
PENNWALT
’
(Wyandotte)
’ HOOKER
’ OLIN
G IMC
G DUPONT
@ RMI
@ HOOKER SOBIN
’ (Ashtabula) " (Niagara Falls)
     
  
 
b
  
ALLIED
(Amherstburg) V//
LPPG
(Barberton)
 
  
TABLE 5
CHLORINE PRODUCTION AND CONSUMPTION IN CANADA
 
19731 19751 19762
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,94
8
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4
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,33
6
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7
1.0
-
Min
ing
.6
0.8
—
Pqu
and
Pap
er
57.
3
83.
5
62
4
Sme
Iti
ng
and
Ref
ini
ng
.9
1.2
-
Soap
and
CIea
ning
Comp
ound
s
1.1
1.2
0.9
Indu
stri
al
Chem
icaI
s
39.4
12.0
36.6
Fis
h P
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ing
-
-
0.0
2
Misc
eIIa
neou
s Fo
od
Indu
stri
es
~
-
0.01
Misc
eIIa
neou
s
0.1
0.3
0.07
100.0 ‘ 100.0 100.4
     
*OnI
y ce
rtai
n u
sers
are
surv
eyed
each
year
.
In 1
976,
muni
cipa
I wa
terw
orks
,
mining, and smeTting and refining were not surveyed. These users did,
however, use chIorine during that year.
1Statistics Canada, Catangue 46-004, Service BuIIetin, ChemicaIs,
Manufacturing and Primary Industries Division, V01. 3, No. 9, Caustic
Soda and ChIorine-AnnuaI, March 1977.
2Dornan, J. (1979), Statistics Canada, Manufacturing and Primary Industries
Division, Ottawa. Persona] Communication.
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 APPROXIMATE
USER
PERCENT
OF
TOTAL
h CONSUMPTION
Various
chemicals
40%
Plastics
(PVC)
20
Solvents
15
Pulp
and
Paper
15
Water Treatment
5
Source:
Chemical
and
Engineering
News,
Feb.
26,
1979,
p.
ll.
The
amount
of
chlorine
used
in
the
United
States
for
"water
treatment”,
which
presumably
includes
both
wastewater
and
water
supply
disinfection,
amounts
to
about
500,000
tonnes
(550,000
short
tons)
annually
(5%
of
11
million
short
tons).
The
proportion
of
this
consumption
that
is
used
only
for
wastewater
disinfection
and/or
in
the Great
Lakes
region
is
not
known.
The
total
amount
of
chlorine
used
by
the 64
power
plants
in
the
United
States
located
on
the
Great
Lakes
is
also
unavailable
at
this
time.
Chlorine
gas
is
sold
to
users
by
rail
and
truck
tank
car
and
in
1—ton
or
less
sized
cylinders.
Large
users
may
buy
in
tank-car
lots
directly
from
primary
producers.
However,
the
major
proportion
of
the
chlorine
that
is
used
for
sewage
and
water
disinfection
is
purchased
in
1-ton
or
smaller
cylinders
from
chlorine
packaging
companies.
In
1978,
there
were
46
of
these
companies
in
the
United
States
and
five
in
Canada.
Some
primary
producers
also
sold
chlorine
in
smaller
cylinders
(The Chlorine
Institute,
Inc.,
1979).
Assuming
that
the
total
chlorine
consumption
in
Canada
is
16,000
tonnes
(2 x the 8,000 tonnes used for water and wastewater treatment
noted on page
19),
the
total
amounts
of
chlorine
used
for
water
and
wastewater
disinfection
in
both
the
United
States
and Canada
amounts
to
about
516,000 metric
tonnes
per year.
This amounts
to about 4.7% of the annual
total of 11 million tonnes
of
chlorine
that
have
been
produced
during
recent years.
Some
of
the
alternatives
to
be
considered
in this
study
involve
the
reduction
or
the
elimination
altogether
of
chlorine
as
a disinfectant.
It
is,
therefore,
important
to
try
to
determine
what
effect
the
resulting
reduction
in
chlorine
demand
would
have
on
the
industry.
Because
the
amounts
used
for
sewage
disinfection
are
so
small,
the
losses
to primary
producers
would
not
be
significant
in
the
long
run
under
normal
conditions
of
steady
growth.
However,
chlorine
demand
has
declined
somewhat
since
1975
and
the
industry
has
some
excess
capacity
(Chemical
&
Engineering News,
1979).
If this
underutilization
of
capacity
persists,
the
industry
will
perceive
the
reduced
demand
and
revenues
more
acutely
than
if
market
demand
were
growing
more
consistently.
Reductions
in
the
demand
for
chlorine
for
disinfection
could
more
seriously
affect
the
smaller
chlorine
packagers
that
market
chlorine
to
municipalities.
Discussions
with
such
packagers
indicate
that
they
have
been
diversifying
their
customers
in
recent
years
because
chlorine
demand
from
municipalities
has
been
declining.
While
the
packaging
section
of
the
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 industry is not likely to welcome further declines in chlorine demand, it does
not appear that the chlorine industry would be seriously damaged by actions
that would reduce or eliminate the use of cthrine as a disinfectant in the
Great Lakes.
Sources of Residual Chlorine and Chlorinated Organics
There are three major sources of residual chlorine discharges to the Great
Lakes: industry, power plants and sewage treatment plants. However, because
data concerning the actual residual chlorine discharges are limited, estimates
must be based on chlorine use and knowledge of the processes involving .
chlorine. In addition, it is important to note that the proposed object've is
generally intended for continuous discharges of chlorine from sources like
sewage treatment plants and some industrial establishments. Although the
proposed chlorine objective is not intended for intermittent sources Such as
power plants, the implications for further reductions in chlorine use and
discharges from this source were investigated in the course of this study.
The pulp and paper industry is a major industrial user of chlorine,
especially in Canada where it is used as a bleaching agent. The wastewater
discharges of chlorine bleaching processes, where they occur, primarily
include inorganic chlorides and chlorinated organic compounds with little or
no residual chlorine. Some of the chlorinated organic compounds are acutely
toxic to fish and other aquatic life and there is concern that they may have
chronic effects as well. Toxicity studies have only begun on these compounds
so the relative significance of their effects on aquatic life cannot be
evaluated at this time.
Chlorine is used extensively in the chemical industry for the manufacture
of chlorinated organic compounds as well as the manufacture of non—chlorine
containing compounds or products. Some chlorinated compounds may be discarded
into waste streams. The actual loading of chlorinated organics to the Great
Lakes from the organic chemical industry is not known although studies are
under way to get more information on these discharges.
The manufacture of chlorine and caustic soda results in the discharge of
residual chlorine in plant effluents. Sources of residual chlorine in the
effluent of these plants are due mainly to overflows, spills and leaks
occurring in the manufacturing process. The use of carbon electrodes in the
chlorine manufacturing process results in the formation of trace amounts of
chloro-organics such as hexachlorobenzene. Because of their bioaccumulation
potential, these compounds are in sufficient quantities to cause environmental
contamination.
Other industries, including the iron and steel and petroleum industries,
chlorinate their intake waters for use in cooling systems and service waters
for biocidal purposes. These waters are potential sources of residual
chlorine loadings to the Great Lakes, but when combined with the total plant
effluent, the final effluent concentration often is negligible. Chlorine is
also used in phenol and cyanide destruct systems by these industries.
However, no chlorine residuals have been attributed to their use.
The extent
of chloro-organic formation by these processes is unknown.
_ 25 _
 Chlorine is used in power plants primarily to control biofouling of
cooling system condenser tubes, condenser water intake delivery systems and to
control algae in cooling towers. Application of chlorine differs at each
plant according to the quality of intake water and the amount of water flowing
through the plant. Only four out of six thermal generating stations use
chlorine to control biofouling of condenser tubes in Ontario. The four
nuclear establishments in Ontario do not chlorinate cooling water. In the
United States, 54 of the 64 power plants on the Great Lakes chlorinate intake
waters to their condenser cooling systems.
In the summer, the most common method to control biofouling in power
plants is intermittent dosing with chlorine in concentrations of 1 to 3 mg/L
of total chlorine residual for five to 60 minutes, two or three times every 24
hours. Winter operational practices normally entail a decrease in the
frequency of chlorine applications. (Power plants operating in Ontario are
restricted to total chlorine residual discharges of less than 0.5 mg/L).
The amounts of chlorine used and the estimated quantities of total
residual chlorine and chlorinated organic loadings from all major sources are
summarized in Table 6.
Although these data are rather sparse, it is apparent from these and other
sources that industry is the largest source of chlorinated organic loadings.
However, except for chlor—alkali plants, industry process wastewaters are not
important sources of residual chlorine. Power plants are a source of residual
chlorine on an intermittent basis as well as some volatile chlorinated
organics. Sewage treatment plants (Figure 2) are a source of residual
chlorine and chlorinated organics although the quantities of the latter are
virtually insignificant compared with industrial sources.
Residual Chlorine Problems
 
There is little documentation of identified residual chlorine problem
areas in the Great Lakes. Efforts made by Task Force members to compile
statistics on the number and magnitude of actual problems caused by residual
chlorine yielded little in the way of data. Some fish kills have been
documented in the Great Lakes, but there are biologists who contend that these
data understate the effects of residual chlorine because:
many kills are unobserved;
— many areas are not studied;
— fish avoid chlorinated discharges and
- chlorine affects food organisms.
The effects of residual chlorine are further complicated by the fact that
other contaminants or stressful conditions, e.g. ammonia and temperature are
almost always present with residual chlorine. Also, fish kills caused by
residual chlorine in discharges from sewage treatment plants have not been
shown to occur. Fish have been shown to avoid continuously occurring
concentrations well below lethal concentrations (Tsai and Fava, 1975; Fava and
Tsai, 1976). Avoidance, while it might protect mobile aquatic populations
from direct mortality, does result in a loss of habitat. Factors, such as
avoidance, make the quantification of benefits difficult to determine with any
precision.
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TABLE 6
SUMMARY OF CHLORINE USE AND RESIDUALS FROM
MAJOR SOURCES ON THE GREAT LAKES
(tonnes/year)
  
UNITED STATES CANADA
RECEI
VING
RESID
UAL
CHLOR
INATE
D
RESID
UAL
CHLOR
INATE
D
WATER SOURCE CHLORINE CHLORINE ORGANIC CHLORINE CHLORINE ORGANIC
USE LOADINGS* LOADINGS USE LOADINGS* LOADINGS
Superior Pulp & Paper 35,035a 7,011b
Iron & Steel
Power Plants 10.4 10.4 8.7C
(ccw &
smd
Sewage Treatment .02
Plants (STP)e
Michigan Power Plants 128.8 128.8
Sewage Treatment
Plants
Huron Pulp & Paper 5,215 1,043
Power Plants 10.2 10.2 .25 (STP)
Sewage Treatment
Plants
St. Clair Organic Chemical 717.5
River Inorganic Chemical 53
Lake St. Power Plants 10.2
Clair
Detroit River Power Plants 57.3
Erie Petroleum
Power Plants ’ 181.9 .39 (SN)
Sewage Treatment
Plants
Ferrometals 4.9 Unknown
Ontario Organic Chemical
Iron & Steel
Petroleum
Power Plants 4.2 24.6 5.97
(ccw &
SW)
St. Lawrence Pulp & Paper 7,770 1,558
River Incrganic Chemical 6
       
'*Total residual chlorine
aCalculated usage rate assuming 7% chlorine application rate by weight of bleached pulp.
bCalculated chlorinated organic loading assuming 20% of the applied chlorine is substituted into
organic compounds, as Cl.
CPower plants - 1978 monitoring information from Ontario Hydro.
dCCN - Condenser cooling water discharge.
SW — Service water discharge.
eSTP - On-site sewage treatment plant discharge.
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CHLORO-ORGANICS - PROBLEMS AND SIGNIFICANCE
In wastewater all three of the active species, C12, HOCl and OCl'
are strong oxidizing agents and will react strongly with any reducing
compounds, such as hydrogen sulphide, carbohydrates, etc. present in the
wastewater.
When such oxidations
have proceeded to virtual
completion the
active species start to react with ammonia or organic nitrogen containing
compounds to form chloramines
(combined chlorine).
When the weight ratio of
chlorine to ammonia is less than 5:1, monochloramine is the predominant
product.
With a ratio of between 5:1 and 10:1, disproportionation occurs
and
dichloramine is formed and above 10:1
(the approximate ratio for break point
chlorination),
some trichloramine may be formed.
Only after all these
reactions
have occurred will
continued
addition of chlorine produce free
residual
chlorine which will
be available for disinfection.
The nature and concentrations of the reactive chlorine containing species
are of primary importance in determining the formation and yield
of
chlorinated organic
compounds.
Lee and Morris
(1962) have reported on the
potential
chlorinating ability of HOCl
and Morris
(1967) has estimated that it
is more effective than NHZCl by about four orders of magnitude.
Since
HOCl appears to be the major chlorinating
species, the possible chemical
reactions with organic constituents
in aqueous
solution must
be examined.
According
to Jolley
(1973)
these reactions
may
be
grouped
into
three
general
categories:
a)
oxidation,
b)
substitution,
c)
addition.
Jolley (1973)
has proposed that oxidation reactions may be the predominant
type of reactions to occur in natural waters
or effluents,
although this has
been
disputed
by Zaloum
and
Murphy
(1974),
who
quote
unchanged
values
of
total
organic
carbon
(TOC)
and chemical
oxygen
demand (COD) before and after
chlorination
in
support
of
their
argument.
However,.they
appear
to
be
considering
chloramines
only since
they assume
all
the
chlorine
to be
in
the
combined form.
Jolley et al.
(1976) lists more than 20 carbohydrates, polyols
and aliphatic organic acids which have been identified in primary domestic
sewage
and
which
would
readily
oxidize
in
the
presence
of HOCl.
Most
of
these
compounds
were
identified
in
the
low
ugL'1
range.
Although
these
compounds
probably
contribute
to
the
overall
chlorine
demand
of
effluents
or
cooling waters,
they
are
unlikely
to
result
in
appreciable
formation
of
chloro-organic
compounds.
Substitution
reactions
can
be
conveniently divided
into two
groups:
i)
those
resulting
in formation
of
N—chlorinated compounds
and
ii)
those
resulting
in
formation
of C-chlorinated
compounds.
The
formation
of
N-chlorinated
compounds
has
been
reported
by
Morris
(1967).
Pitt
et
al.
(1975)
have
identified
numerous
amides,
amino
acids,
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 indoles, pyridine derivatives, purine derivatives and pyrimidine derivatives
in sewage effluents. These compounds would be expected to react with aqueous
chlorine in a similar way to ammonia. However, amines would be expected to
react much faster to form N-chloro-derivatives than amides (Morris 1967).
Substitution of chlorine into organic compounds to form C-chlorinated
derivatives has been summarized by Jolley (1973), Carlson et al. (1975) and
Morris (1973). These reactions can either be conventional substitution, i.e.
substitution of chlorine into aromatic or heterocyclic compounds, or of the
haloform reaction type. The latter reaction has been studied in detail in
recent years in the chlorination of water (Rook 1974 and 1976), cooling water
(Jolley et al. 1978) and wastewater (Glaze and Henderson 1975). The major
precursors of the haloform reaction are now considered to be m-dihydroxy
aromatic compounds - common building blocks of humic materials and low
molecular weight methyl ketones (Stevens et al.).
 
During the past six years, studies of the formation of chlorinated
organics during water and wastewater disinfection have proceeded in three
directions:
a) chlorination of model organic compounds in the laboratory;
b) chlorination of sewage effluents or cooling waters in the laboratory
and
c) chlorination of effluents in sewage treatment plants under normal
operating conditions.
These three areas will now be reviewed in turn. Unfortunately, (a) and (b)
above have received considerably more attention than (c).
a) Chlorination of Model Organic Compounds
 
For a recent review of general chlorination reactions, the reader is
referred to a report by Pierce (1978).
Numerous studies have been made on the
chlorination of organic compounds (other than chloramines), which have either
been identified as components of sewage effluents or predicted as possible
components.
Carlson et al. (1975) examined the interaction of several
monosubstituted aromatics with low concentrations (7 x 10'“ M) of aqueous
chlorine. The reactions followed recognized trends (Morris 1976), i.e.
aromatics containing activating substituents such as hydroxyl, ether, amine
groups undergo electrophilic aromatic substitution faster than those
containing electron withdrawing groups such as nitro, chloro, nitrile and
carboxyl groups (De LaMare and Ridd 1959; Gaffney 1974; and Rockwell and
Larson, 1978).
Phenol was shown to be an exception to this general rule in
that it is readily chlorinated at high pH due to the formation of the
phenolate anion.
 
The chlorination of biphenyl (Carlson et al. 1975 and Smith et al. 1977)
and naphthalene (Smith et al. 1977) has also been studied in detail due to
relatively easy recognition of chlorinated isomers and the concern over
possible PCB and PNC formation in treatment plants known to receive biphenyl
and naphthalene (Gaffney 1974 and Smith et al. 1977).
Smith et al. (1977)
reported that chlorinated biphenyls and chlorinated naphthalenes formed
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readily
at
room
temperature
with
the
extent
of
reaction
depending
upon
pH
and
the
molar
ratio
of
hydrocarbon:chlorine.
In
a 500 mgL‘1
non—homogeneous
suspension of biphenyl they identified the predominant products as
2-chlorobiphenyl, 4—chlor0biphenyl, 2,2'-dichlorobiphenyl and
2,4'-dichlorobiphenyl.
In 50%
saturated
solutions
of
biphenyl,
Carlson
and
Caple
(1976) reported the above products
and significant concentrations
of
3,4-dichlorobiphenyl
and 4,4'—dichlorobiphenyl
at
low
or
neutral
pH.
Unfortunately,
neither
author extended his study to true treatment plant
conditions.
In the
case
of
naphthalene,
Smith
et
al.
(1977)
identified
the
1,2-dichloro-
and
1,4-dichloro-isomers
plus
four
other
undefined
products
(isomers?)
and
an
undefined
tetrachloro-naphthalene.
Similar
products
were
observed
in
both
500
mgL'l
suspensions
and
10
mgL'l
solutions.
Murphy
et
al.
(1975)
and
Usenik
and Murphy
have
grouped
representative
organics
into
groups
which
are
"easily chlorinated",
"chlorinated
under
vigorous
conditions"
and "not chlorinated"
as follows:
TABLE 7
EASE
0F
CHLORINATION
0F
SELECTED
ORGANICS
    
EASILY
CHLORINATED
UNDER
NOT
CHLORINATED
VIGOROUS
CONDITIONS
CHLORINATED
Phenols
Carboxylic
Acids
Alcohols
Amines
Nitrobenzene
Methyl
Ketone
Aldehydes
Benzonitrile
Urea
Ketones
Furan
Pyrrole
Thiophene
Compounds
in
the table
were
evaluated
by measurement
of
chlorine
uptake
during
aqueous
chlorination
rather
than
by identification
of
specific
chlorinated
product.
Molar
ratios
of
between
1:1
and
3:5
were
used.
The
conclusions
drawn
supported
those
of
Carlson
et
al.
(1975)
in
that
only
those
ring
structures
with
electron
activating
substituents
are
likely
to be
chlorinated
under
conditions
employed
during
wastewater
disinfection.
The
presence
of
ammonia retarded
the
uptake
of
chlorine
through
the formation
of
less
oxidative
chloramines
but
given
sufficient
contact
time,
both
aromatic
structures
and
amino
acids
could
be
chlorinated
in the
presence
of
ammonia.
With
sufficient
contact
period,
ring
structures
were
both
chlorinated
and
oxidized
even
by NHZCl
but
excess
free
chlorine
was
required
for
the
oxidation of amino acids.
 
Reinhard
et
al.
(1976)
have
examined
the
possibility
of
chlorinated
hydrocarbons
originating
from
the
chlorination
of
petroleum-derived
compounds
in
aqueous
solution.
Specifically,
they
studied
the
aqueous
chlorination
of
aromatic
fraction
of
diesel
fuel
over
1,
30
and
70
hours.
Products
were
identified
using
gas-chromatographic-mass
spectrometric
analysis.
Major
products
include
2-chloromesitylene
and
chloronaphthalene
derivatives
after
one
hour
chlorination,
chlorinated
benzene
derivatives,
2,5—dichloromesitylene
and
chlorinated
indane
derivatives
after
30
hours
and
chlorinated
benzene
derivatives,
2-chloromesitylene
and
dichlorobenzene
derivatives
after
70
hours
chlorination.
In
addition,
some
other
non-chlorinated
oxidation
products
were
generated.
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The formation of halomethanes by the haloform reaction has been studied in
detail by a number of researchers (Rook 1976; Stevens et al.; Christman et al.
1976; Oliver and Lawrence 1979; and Youssefi et al. 1978). The general
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Since many natural organic compounds (or their degradation products) contain
m-dihydroxy groupings, the formation of volatile halomethanes can be expected
during chlorination of many natural waters and effluents. Compounds which
have been shown to produce chloroform, bromodichloromethane,
chlorodibromomethane, carbon tetrachloride, or bromoform, include humic acid
(Rook 1976; Oliver and Lawrence 1979; and Youssefi et al. 1978), fulvic acid
(Rook 1976 and Oliver and Lawrence 1979), tannic acid (Oliver and Lawrence
1979 and Youssefi et al. 1978), glucose, vanillic acid, gallic acid (Youssefi
et al. 1978), lignosulphonic acid and amino acids (Oliver and Lawrence 1979).
Of these precursors, humic and fulvic acids are the most abundant in effluent
and hence contribute most to the total volatile organo-halogens. The
brominated compounds arise from traces of bromide which become oxidized by
chlorine to bromine and then via the haloform reaction to brominated or
chlorobrominated methanes. The haloform reaction is strongly pH dependent,
the total yield at pH 11 being approximately three times that at pH 7 (Oliver
and Lawrence 1979).
While it has been shown that many organic compounds react with chlorine at
near neutral pH and ambient temperature, a large number do not react or react
very slowly under these conditions (Kobayashi and Okuda 1972). However, when
illuminated with ultraviolet light, many of these compounds which do not react
with chlorine under strictly thermal conditions, will form chlorinated
compounds. Oliver and Carey (1977) showed that in the case of ethanol, the
primary hydroxyl radical attack occurs at the m - carbon atom. Hence,
acetic acid and acetaldehyde were the major products with only small amounts
of 2-chloroethanol and 2-chlor0acethaldehyde being formed. For n-butanol,
however, only 34% of the hydroxyl radical attack was at the a - carbon and
consequently more chlorinated products were formed, such as 2-chloro-n-butanol.
Kobayashi and Okuda (1972) list about 50 organic compounds and group them
in terms of relative reactivity with chlorine in the presence and absence of
UV irradiation. These photolysis reactions could be quite significant since
many sewage treatment plants disinfect their effluents in open—air tanks
exposed to sunlight.
From the above discussion of laboratory studies of the chlorination of
organic compounds, it is evident that the potential exists for many
chlorinated organic compounds to be formed during wastewater disinfection. It
is also evident that in many instances the chemical mechanisms involved are
little understood. Is it HOCl, OCl‘, HZOCl+, Cl+, or Cl°, which is the
active species or some combination of these? The pH of the reaction plays a
major role in the type and degree of reaction since many of the reactions are
acid catalysed while the haloform reaction is base catalysed.
b) Laboratory Chlorination of Effluents and Cooling Waters
Many studies have been carried out in which secondary sewage treatment
plant effluents have been chlorinated in the laboratory and the products
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 examined. Although such experiments could be expected to represent 'real
life' chlorination, the conditions chosen by many of the authors are far in
excess of those used in secondary treatment.
Glaze and Peyton (1978) reported that chlorination of wastewater results
in a decrease of the mean molecular weight of the organic constituents of
about one-half. They also found a similar reduction during raw-water
chlorination (analogous to cooling water). The chlorination condition used in
these experiments was 740 mgL‘1 residual of chlorine and a contact time of
two weeks at 5°C. It is, therefore, unlikely that sewage treatment plant
conditions would produce anything like the 50% reduction reported here,
although super—chlorination has been suggested for specific applications, such
as the oxidative stabilization of wastewater and sludge by-products (Puriface
Inc. 1969).
W
O
-
4
"
Both Glaze et al. (1973, 1975 and 1976) and Jolley et al. (1973, 1975,
1976a and 1976b) have reported the formation of chlorinated organic
compounds resulting from the disinfection of sewage effluents. While initial
studies tended to identify chlorinated products in terms of the number of
gaschromatographic peaks obtained, more recent studies have identified the
peaks either by matching GC retention times or by confirmation with mass
spectrometry. Glaze and Henderson (1975) obtained well in excess of 100 gas
chromatogram peaks when they chlorinated a secondary effluent from Denton,
Texas, with 1,500 mgL'1 chlorine. Many of the peaks they predicted were
mixtures of two or more compounds and 36 of these peaks were not present
before chlorination. These compounds range from chloroform to substituted
aromatics. However, it is evident that not all of the chlorinated aromatics
are derived from "activated" aromatics as predicted by Morris (1976). Glaze
and Henderson (1973) cite the chloroderivatives of benzene, toluene and benzyl
alcohol as examples of "inactivated" aromatic moieties. Although these
products resulted from the super-chlorination of effluents, some of them were
' the same as those generated by chlorination with 10 mgL"1 chlorine.
J011
€y (
1975
, et
al.
1976
a)
also
iden
tifi
ed n
umer
ous
spec
ific
chlo
rina
ted
products during chlorination of effluents from the Oak Ridge Municipal Sewage
Treatment Plant.
 
Sievers et al. (1978) have reported on the generation of volatile organic
compounds by treatment of secondary sewage effluent with chlorine but note
that there is often a marked difference between plant and laboratory
chlorination. In some cases plant chlorination resulted in increased levels
of aromatic hydrocarbons, i.e. toluene, 0-, mand p-xylenes and styrene,
whereas laboratory chlorination resulted in chlorotoluene and chloroxylene
speC1es.
The above discussion illustrates that laboratory chlorination of sewage
effluents and cooling waters (especially super-chlorination) results in a
multitude of halogenated compounds, many of which do not appear to be found at
appreciable concentrations under actual treatment plant chlorination
conditions. The next section will deal only with those compounds that have
been identified in plant disinfected effluents or cooling waters.
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operating conditions are, unfortunately, far fewer than those involving
lab
ora
tor
y c
hlo
rin
ati
on
(Jo
lle
y).
Lab
ora
tor
y s
upe
r—c
hlo
rin
ati
on
lea
ds
to
muc
h
higher concentrations of halogen—containing species which, in turn, make
detailed analysis more feasible. Obviously, some of the investigations
discussed in the previous section in which the chlorination conditions were
realistic (Jolley 1975) should be representative of real plant situations.
The presence of low volatility chloro—organics in cooling towers and
once-through systems has been reported by Jolley et al. (1978). Three coGling
water systems were evaluated: the cooling tower at Oak Ridge Gaseous
Diffusion Plant (ORGDP), the cooling tower of the High Flux Isotope Reactor
(HFIR) at Oak Ridge and the once-through cooling system at the Kingston
(Tennessee) Steam Generating Plant (KSGP). Both the ORGDP and the HFIR units
operate under closed-cycle conditions with make-up water contributing only
about 3% of the total flow.
The KSGP uses 100,000 to 125,000 gpm cooling water through each of its
nine condensers. The water is chlorinated 30 minutes daily with 0.2 ppm free
chlorine residual (0.5 ppm total residual). The condensers are chlorinated
sequentially so that the discharged chlorinated coolant is diluted with
unchlorinated water within the discharge canal. The concentration of
haloforms in the discharge channel was 5 ppm as opposed to 1 ppm in the feed
water. The authors estimated the annual production of chloroform at about one
ton. They then extrapolated the results on a national basis and estimated a
total production of 100-200 tons per year in the United States from all
electric power stations.
Garrison et al. (1976) carried out a detailed analysis of many of the
organic components in domestic wastewaters. The only reported effect of
chlorination (in terms of generation of chloro-organics) was the formation of
chlorocyclohexane, 1,1,1,2—tetrachloromethane, pentachloroethane,
hexachloroethane and five other unidentified compounds. No indication of the
concentrations involved were included in the report and indeed the
identification of some of the components was not confirmed.
 
The processing of textile wastes in a municipal sewage treatment plant was
studied by Tincher (1978). Textile processing facilities use and discharge a
wide range of organic and inorganic compounds which come in contact with
chlorine or chlorine-containing compounds either during waste treatment or in
textile processing operations. Reported experiments suggest that chlorination
of some species can occur, but the only significant increase between influent
and effluent was for the 2-monochloroisomer of biphenyl. The other isomers
either did not change or decreased within the chlorination unit.
Concentrations for the 2—monochloro isomer were 2.8 ugL'1 for the
influent and 17.2 ugL‘1 for the effluent.
Discussion and Conclusions
 
Conservative estimates, based on laboratory chlorination studies, indicate
that sewage treatment plants on the Great Lakes are responsible for an annual
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industrial or municipal waste discharges (Morris, 1975).
1Based on estimates of total consumption of chlorine and 1% to 20% conversion
to chloro-organics of medium molecular weight. The 1% to 20% conversion is
for the pulp and paper industry, the exact value depending on the bleaching
process employed and the efficiency of the operation.
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@PROTECTING SURFACE WATERS FOR RECREATION,
WATER SUPPLIES AND FISH LIFE
The Issues
As noted in Table 1 of Chapter 2, there are about nine different
consequences that can result from the achievement of the residual chlorine
objective. To the extent that achievement of the objective will entail
changes in sewage effluent disinfection and cooling water biofouling control
practices, three interrelated consequences or effects are most pertinent:
1. the protection of public health from bacterial contamination in
(a) raw water supplies and
(b) surface water used for swimming and other recreational purposes;
2. the protection of aquatic life, especially from chlorine toxicity and
3. the financial costs of disinfecting effluents or controlling
biofouling in power and industrial cooling water.
It is well established that coliform (total and fecal) bacteria in
wastewater and in surface waters are indicators of the possible presence of
pathogens. Based on this relationship, the reduction in coliform levels
implies a reduction in the numbers of pathogens as well. Most importantly, a
reduction in coliform levels is assumed to imply a reduction in the
probability of human contact with pathogenic organisms.
The disinfection of sewage treatment plant effluent is considered to be
the primary method of controlling the numbers of indicator organisms and their
associated pathogens in effluents and in receiving waters. Chlorination is
presently the most commonly used method for both sewage effluent disinfection
and biofouling control in utility and industrial cooling water facilities.
Although treatment of water supplies is the primary method of eliminating
pathogens from drinking water, many authorities view sewage disinfection as
desirable added protection for municipal water supplies.
There appears to be a three-way tradeoff involved in achieving the
chlorine objective - the elimination or reduction in chlorination would reduce
the potential for chlorine toxicity effects in fish and aquatic life and would
result in financial savings to municipalities who operate sewage treatment
plants. However, there is substantial concern that health risks, especially
to those engaged in swimming and other contact recreation activities, would be
increased. 0n the other hand, the technical alternatives to chlorination for
disinfection appear to be very costly to sewage treatment plant operators.
The magnitude of these tradeoffs and the extent to which they are unavoidable
are examined in this report.
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Current Microbiological Objectives, Disinfection Practices and Policies
In the United States, individual states havedifferent microbiological
guidelines and standards, although many follow those found in Quality Criteria
for Water (U.S. Environmental Protection Agency, 1976). For public water
supplies, "it is recommended that the geometric means of fecal coliform and
total coliform densities in raw surface water sources not exceed 2,000/100 mL
and 20,000/100 mL, respectively" (p. 42). For contact recreational waters,
"bas
ed o
n a
mini
mum
of n
ot l
ess
than
five
samp
les
take
n ov
er n
ot m
ore
than
a
30-day period, the fecal coliform content of primary contact recreational
waters shall not exceed a log mean of 200/100 mL, nor shall more than 10
percent of total samples during any 30-day period exceed 400/100 mL” (p. 53).
Current microbiological objectives for Ontario are found in Water
Management Goals, Policies, Objectives and Implementation Procedures of the
Ministry of the Environment (Ontario Ministry of the Environment, 1978).
According to this document, "a potential health hazard exists if the fecal
coliform geometric mean density for a series (at least ten samples per month)
of water samples exceeds 100 per 100 mL”. Furthermore, "... water is
considered impaired when the total coliform geometric mean density for a
series of water samples exceeds 1000 per 100 mL" (p. 43).
Wastewater disinfection practices in each jurisdiction are, to a large
extent, governed by the relevant bacteria objectives that have been adopted.
In the United States, all states bordering the Great Lakes require
disinfection of sewage effluents by means of chlorination throughout the
year. Chlorination practices in these jurisdictions are generally aimed at
maintaining total chlorine residuals of between 0.5 and 2.0 mg/L. Several
states (Minnesota, Wisconsin, New York, Illinois, Indiana and Michigan) have
considered changing to seasonal disinfection. To date, only Indiana has
implemented seasonal chlorination requiring that sewage treatment plants meet
fecal coliform limits of 200/100mL, May to October and 1,000/100 mL from
November to April.
The current Water Quality Criteria for coliform bacteria in the receiving
waters of the states bordering the Great Lakes are summarized in Table 8
according to use and coliform type., The minimum level of treatment prior to
disinfection is secondary, as prescribed by federal law. Control and
enforcement of the coliform standards is left up to the individual
jurisdictional localities, and this is one reason for the varied coliform
criteria as presented in Table 8.
Implications of Achieving the Microbiological Criteria
The total coliform bacterial densities of typical, well-treated
nondisinfected secondary effluents usually fall in the range of approximately
5 x 105 to 5 x 106 organisms/100 mL. The fecal coliform densities
typically average 10 to 20 percent of the total coliforms. Thus, to achieve
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CoTiform
Numbers/100
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RAN
WATER
SUPPLY
RAW
WATER
SUPPLY
STATE
&
FOR
HIGH
QUALITY
FOR
REGULAR
QUALITY
PRIMARY
CONTACT
SECONDARY
CONTACT
GREAT
LAKES
PROVINCE
DRINKING
H20
DRINKING
H20a
RECREATION
RECREATION
WATERS
TC
FC
TC
FC
TC
FC
TC
FC
TC
FC
Minnesota
—
—
—
10b
—
200b
—
200b
—
-
Wisconsin
—
-
—
200b
-
200b
—
200b
200b
Iiiinois
-
-
—
200b
-
200b
—
1,000b
-
20b
(400)
(400
(2,000
-
-
200
-
1,000
200b,C
(400
(2,000
(400)
Michigan
—
—
-
1,000b
-
100
-
1,000
—
-
Ohio
—
—
—
-
-
1,000d
—
-
5,000b
-
-
(2,000)
Pennsyivania
-
-
-
-
—
200
-
-
-
-
New
Yorke
-
50f
-
5,000f
200b
2,400f
200b
10,000b
2,000b
1,000b
200b
(240)
(20,000)
(5,000)
Ontariog
-
-
-
—
1,000
100
-
—
-
-
Indiana
—
-
5,000b
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aSome
states
in
process
of
revising
-
Pa.,
Ind.,
IT].
has
passed;
N.Y.,
Ohio
pending.
bMonthiy Geometric
Mean.
cShore
waters.
For
open
waters,
20
FC/lOO
mL
(
)
5
samples.
maximum
value
in
not
more
than
20%
of
the
sampies;
minimum
no
criteria
specified.
dBathing
=
20
FC/lOO
(400
FC/lOO
max.).
eCriteria
for
Primary
and
Secondary
Contact
Recreation
is
to
be
met
during
aTT
periods
when
disinfection
is
practised.
Time
period
is
not
specified.
fMonthiy Median.
9"Water
which
meets
the
water
quality
criteria
for
aquatic
Tife
and
recreation,
wiTT
be
suitabie
for
most
other
beneficial
uses,
such
as
drinking
water
and
agriculture."
(Ontario
Ministry
of
the
Environment,
Water
Management,
1978,
p.
4).
 
 the highest coliform limitation noted in Table 8, i.e. State of New York,
secondary contact recreation, 10,000 total coliforms and 2,000 fecal
coliforms/IOO mL would require only about 1.7 to 2.0 loglo reduction.
This can easily be achieved with a minimal amount of chlorine. To meet the
lowest coliform limitation, i.e. State of Minnesota, raw drinking water
supplies, 10 fecal coliforms/lOO mL would require at least 4 loglo
reduction. This would necessitate substantially more chlorine and longer
contact times. Achieving the 200 fecal coliform criterion (approximately 3
loglo reduction) would typically require some intermediate dose level,
thus an intermediate disinfection cost. It is difficult to indicate actual
chlorine dose levels required in each instance because of the extremely
variable wastewater quality among treatment plants. Conservative ranges can
be estimated if it is assumed that the effluent quality is high, i.e.
biochemical oxygen demand and total suspended solids each less than 15 mg/L
and the chlorine contact time is a minimum of 30 minutes at peak flow. The
chlorine dose for <2 log coliform reduction would likely be 1 to 3 mg/L; for
3 log reduction, 3 to 8 mg/L; for 25 log reduction, 8 to 12 mg/L.
The Province of Ontario, which borders all of the Great Lakes except Lake
Michigan, requires that all sewage treatment facilities (other than lagoons)
chlorinate their effluents for a 30-minute average contact period and to a
minimum of 0.5 mg/L total residual in all cases where there is a downstream
use potential for a water supply source or for contact recreation. Where it
can be shown that there are no downstream recreational or withdrawal water
uses and where dilution is deemed adequate, no disinfection is required by
Ontario authorities between November 15 and May 15. No disinfection at all is
required for sewage lagoons unless the effluent is used for spray irrigation
near human or domestic animal habitations.
Present Ontario disinfection
guidelines are under review following adoption of Provincial Water Quality
Objectives which stipulate that, as a goal, all surface water be entirely fit
for aquatic life and for recreational use, except within the mixing zone.
The most recent United States-Canada Great Lakes Water Quality Agreement
(International Joint Commission, 1978) specifies only that waters used for
body contact recreation should be substantially free from bacteria and other
microorganisms that may produce diseases. No numerical objectives for
bacteria are specified in the Agreement nor is wastewater disinfection
specifically required. This is an important change from the previous
Agreement which included numerical bacterial objectives.
Interpretation of the "substantially free" objective is being reviewed by
the Microbiology Work Group of the Aquatic Ecosystem Objectives Committee
(AEOC) of the Science Advisory Board.
Their draft recommendations suggest a
"non-degradation" objective for midlake.
It must be stressed that the final decisions about bacterial objectives
and disinfection practices lie with the various federal, state, provincial
and, in some instances, local jurisdictions.
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 Uncertainties
About
the
Need
for
Disinfection
Progress
toward
the
residual
chlorine
objective
may
be
achieved
in
four
basic ways: .
(a)
by
more
efficient
and
effective
use
of
chlorine
as
a
disinfectant;
(b)
by
the
chemical
destruction
of
residual
chlorine;
(c)
by
the
installation
of
disinfection
technologies
that
do
not
involve
chlorine and
(d)
by
the
reduction
or
elimination
of
disinfection
altogether.
As
noted,
there
appears
to
be
a
three-way
tradeoff
in
choosing
one
or
more
of
these
methods
of
achieving
the
objective:
financial
costs
of
disinfection
versus
the
protection
of
human
health
versus
the
damage
to
aquatic
life.
The
first
three
options
can
be
implemented
to
achieve
desired
disinfection
levels,
i.e.
protection
of
human
health
so
that
only
the
financial
costs
of
disinfection
and
the
damages
to
aquatic
life
will
vary.
The
adoption
of
seasonal
disinfection
is
both
logical
and
practical
where
the
sewage
effluents
discharge
into
recreational
waters.
There
is
obviously
no
health
threat
from
swimming
or
contact
recreational
activities
during
the
winter
months.
However,
where
receiving
waters
constitute
a
source
of
water
supply,
local
authorities
may
view
the
year-round
disinfection
of
sewage
as
desirable
extra
protection
against
disease
transmission
even
though
the
water
is
treated
prior
to
distribution.
There
also
appears
to
be
scope
for
chlorinating
sewage
treatment
plant
effluent
more
efficiently
without
reducing
the
degree
of
disinfection.
Finally,
improvements
in
the
efficiency
of
sewage
treatment
will
result
in
lower
chlorine
demands
during
disinfection.
Dechlorination
and
the
use
of
chlorine-free
disinfection
processes
will
likely
involve
added
financial
costs
to
the
relevant
authorities.
However,
the
actual
magnitude
of
these
costs
must
be
determined
empirically
in
order
to
ascertain
whether
they
are
commensurate
with
the
reduction
in
damages
to
aquatic
life
due
to
chlorine
toxicity.
The
last
option,
reduction
or
elimination
of
any
disinfection,
could
change
the
risk
to
public
health.
There
are,
however,
several
reasons
why
the
elimination
of
sewage
effluent
disinfection
altogether
can
be
seriously
c
o
n
s
i
d
e
r
e
d
in
c
e
r
t
a
i
n
instances.
The
degree
of
wastewater
treatment
is
also
relevant
to
the
need
for
disinfection.
The
poorer
the
effluent
quality,
the
more
difficult
and
expensive
it
is
to
disinfect.
In
addition,
high
levels
of
8005
and
suspended
solids
in
the
effluents
will
promote
regrowth
of
microorganisms
in
receiving
waters.
Therefore,
as
adjudged
on
a
site-by-site
basis,
resources
should
be
devoted
to
improving
and
upgrading
municipal
wastewater
treatment
facilities
before
embarking
on
new
and
refined
wastewater
disinfection
practices.
A
variety
of
pathogenic
microorganisms
is
found
in
the
feces
of
actively
infected
cases
or
carriers
and,
hence,
in
wastewaters
containing
the
fecal
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wastes from such individuals. Transmission of pathogenic microorganisms to
man is possible if a sufficient number of such organisms is present in a given
receiving stream or body of water designated for primary contact recreation.
However, the relationship of discharging secondary wastewater effluent with
disease transmission via the receiving stream used for recreational purposes
has been the subject of considerable debate in recent years. Prominent among
the antithetical views is a report to Congress by the Comptroller General of
the United States (1977) criticizing the practice of wastewater disinfection,
specifically chlorination. The following report summary succinctly expresses
the concern and conclusions of the Comptroller General:
"Chlorine is frequently used to disinfect domestic sewage, and
it is also used in industry and is discharged in various industrial
wastes. Chlorinated discharges have been shown to be harmful to the
aquatic environment, but they are still largely uncontrolled. In
many situations the use of chlorine is not needed. Except in areas
of shellfish-harvesting or of unrestricted irrigation, disinfection
of treated wastes usually is not needed to protect
-- swimmable waters in cold weather months,
—- waters rarely used for swimming, or
-- drinking water.
When sewage disinfection is needed, present sewage chlorination
practices generally result in excessive amounts of chlorine being
discharged into waterways. More should be done to limit residuals
and to promote the efficient use of chlorine in sewage disinfection
(p. 7)."
At the First International Symposium on Ozone for Water and Wastewater
Treatment, Lue-Hing, Lynam and Zenz (1977) presented a paper entitled "Waste—
water Disinfection: The Case Against Chlorination." The paper discussed a
specific case where continued chlorination was, in the authors' opinion, not a
justifiable practice. The case was the 1200 MGD West-Southwest (WSW) plant of
the Metropolitan Sanitary District of Greater Chicago. The plant had been
continuously chlorinating its secondary effluent since July, 1972. The
effluent discharged into the man—made canal system which directs wastewater
effluents away from Lake Michigan and into the Illinois River system.
The following arguments were put forth by the authors to support their
views: (1) the District's waterways were never intended for primary contact
recreational activities, and indeed, no such activities take place; (2) total
chlorine residual is toxic to aquatic life and its presence has precluded the
existence of fish and other aquatic life in the waterways; (3) concern was
expressed over the carcinogenic compounds produced by reaction of chlorine
with precursors in water and wastewater; (4) evidence was cited (Sproul, 1969;
Shuval et al., 1967) which indicated little inactivation of viruses by
chloramines, the major form of chlorine in secondary effluents containing
ammoniumnitrogen; (5) when the coliform levels in the main waterways in the
year 1966, when no chlorination was practised, were compared with the same
waterways in 1974 after effluent chlorination was instituted, the coliform
levels near the final discharge point of the District waterway system were not
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 significantly
different
when
the
major
plants
were
chlorinating
compared
to
when
they
were
not;
and
(6)
the
costs
of
chlorination
for
the
WSW
plant
in
1975
were
shown
to
be
approximately
$3,210
per
day
and
total
District
costs
were
about
$6,000
per
day.
The
authors
concluded
from
the
evidence
presented
that
chlorination
of
the
WSW
effluent
and
other
major
effluents
of
the
District
waterway
system
did
not
justify
the
cost:
"There
is
no
measurable
benefit
from
such
chlorination;
and
indeed,
the
possible
harm
to
the
environment
and
to
citizens
is
significant.
No
harm
will
result
with
the
discontinuance
of
chlorination
and
the
taxpayers
will
be
saved
an
expenditure
approaching
1.2
million
dollars
per
year
for
the WSW plant alone."
Henderson
(1968)
evaluated
the
coliform
index
adopted
by
the
Federal
Water
Pollution
Control
Administration.
The
index
had
as
its
basis
protection
of
users
from
enteric
diseases
in
natural
recreational
waters
of
the
50
states.
After
considering
the
evidence,
Henderson
concluded:
(1)
the
numerical
fecal
coliform
criteria
for
primary
contact
water
and
general
recreational
use
adopted
by
the
FWPCA
are
considered
inappropriate;
(2)
the
standards
are
excessively
low
in
their
ceilings
from
the
standpoint
of
realistic
public
health
risk
of
contracting
enteric
disease,
based
on
the
negative
United
States
and
British
epidemiological
experience
and
(3)
no
index
organism
test
based
on
fecal
discharges
should
be
used
as
a
self-supporting
standard
without
supportive,
quantitative
epidemiological
findings.
In
a
review
of
the
British
experience,
Barrows
(1977)
pointed
out
that,
despite
extensive
work
over
several
years
investigating
the
possibility
of
a
causal
relationship
between
poliomyelitis
and
bathing
in
wastewater
polluted
seawater,
a
working
party
of
the
Public
Health
Laboratory
Service,
formulated
in
1953,
was
unable
to
find
any
significant
association.
The
only
evidence
of
health
hazards
from
sea
bathing
were
four
cases
of
paratyphoid
fever
all
associated
with
beaches
grossly
polluted
with
fecal
matter
(Working
Party
of
the
Public
Health
Laboratory
Service,
1959).
Moore
(1954,
1970
and
1971)
reviewed
the
international
literature
on
health
hazards
from
bathing
and
concluded
that
the
risk
of
contracting
serious
disease
is
minimal.
In
his
study
of
poliomyelitis
among
children
residing
near
the
seashore
in
England
and
Wales,
Moore
(1959)
was
unable
to
produce
data
suggestive
of
an
increased
incidence
of
illness
associated
with
swimming
in
"polluted"
marine
waters
as
defined
by
the
coliform
densities
reported.
Until
recently
the
most
well—known
epidemiological
study
supporting
the
need
to
establish
microbial
discharge
standards
to
protect
public
health
at
bathing
beaches
in
the
vicinity
of
a
sewage
outfall
was
the
Stevenson
investigation
(Stevenson,
1953).
In
his
fresh
water
studies,
one
comparing
two
beaches
on
Lake
Michigan
and
the
other
comparing
a
swimming
pool
to
a
beach
on
the
Ohio
River,
he
reported
two
instances
suggesting
health
effects
associated
with
swimming
in
waters
having
a
coliform
density
of
approximately
2,000/100
mL.
In
another
comparison
of
illness
rates
at
two
bathing
beaches
in
Westchester,
New
York,
Stevenson
was
unable
to
find
a
significant
correlation
between
illness
and
coliform
density.
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Ca
be
ll
i
et
al.
(19
75)
re
je
ct
ed
the
ap
pr
oa
ch
es
ta
ke
n
by
St
ev
en
so
n
(19
53)
an
d
Mo
or
e
(1
95
9)
in
de
si
gn
in
g
th
ei
r
pr
os
pe
ct
iv
e
ep
id
em
io
lo
gi
ca
l-
mi
cr
ob
io
lo
gi
ca
l
stu
dy.
Th
e
pi
tf
al
ls
in
Mo
or
e'
s
ap
pr
oa
ch
,
as
en
un
ci
at
ed
by
Ca
be
ll
i
et
al.
(19
75)
are
gi
ve
n
as
fo
ll
ow
s:
(1)
Mo
or
e
pr
es
up
po
se
d
(19
59)
,
po
ss
ib
ly
wi
th
ju
st
if
ic
at
io
n
at
th
e
ti
me
,
wh
ic
h
di
se
as
es
are
or
are
not
si
gn
if
ic
an
t
in
es
ta
bl
is
hi
ng
cr
it
er
ia
;
(2)
a
pr
ot
ra
ct
ed
in
te
rv
al
of
ti
me
el
ap
se
d
be
tw
ee
n
th
e
ba
th
in
g
ex
pe
ri
en
ce
and
th
e
in
qu
ir
ie
s
ma
de
co
nc
er
ni
ng
its
na
tu
re
and
ci
rc
um
st
an
ce
s
and
(3)
be
ca
us
e
of
th
e
ex
tr
em
e
da
y-
to
-d
ay
va
ri
ab
il
it
y
in
po
ll
ut
io
n
du
e
to
hy
dr
og
ra
ph
ic
an
d
me
te
ro
lo
gi
ca
l
fa
ct
or
s,
i.e
.
ti
de
,
ra
in
fa
ll
,
wi
nd
,
et
c.
,
ba
th
in
g
ex
pe
ri
en
ce
s
co
ul
d
no
t
be
acc
ura
tel
y
ass
oci
ate
d
wit
h
the
qua
lit
y
of
the
wat
er.
Cab
ell
i
et
al.
(19
75)
rig
oro
usl
y
def
ine
d
swi
mme
rs
as
tho
se
who
act
ual
ly
imm
ers
ed
the
ir
hea
ds
in
the
wat
er;
non
-sw
imm
er
con
tro
ls
wer
e
tho
se
who
wen
t t
o
the
bea
ch
but
mer
ely
sun
bat
hed
or
wad
ed.
Ste
ven
son
's
non
~ba
thi
ng
con
tro
ls
wer
e
ind
ivi
dua
ls
who
did
not
go
to
the
bea
ch.
Thu
s,
in
the
lat
ter
cas
e,
bea
ch-
goi
ng
but
not
swi
mmi
ng-
ass
oci
ate
d
ill
nes
ses
cou
ld
be
err
one
ous
ly
inc
lud
ed
in
cal
cul
ati
ng
the
ill
nes
s
rat
es
of
swi
mme
rs
and
non
-sw
imm
ers
.
In
Ste
ven
son
's
(19
75)
stu
dy
the
use
of
"ca
len
dar
s"
to
rec
ord
ill
nes
s
mad
e
it
nec
ess
ary
to
lim
it
the
stu
dy
to
sea
sho
re
res
ide
nts
.
Thi
s
max
imi
zed
the
pro
bab
ili
ty
of
mul
tip
le
exp
osu
res
.
Cab
ell
i
gt
a1;
(19
75)
lim
ite
d t
hei
r s
tud
y p
eri
ods
to
Sat
urd
ays
and
Sun
day
s o
nly
,
tes
tin
g
ind
ivi
dua
ls
who
had
a s
ing
le
(on
e-d
ay)
swi
mmi
ng
exp
eri
enc
e.
Fin
all
y,
Cab
ell
i
et
al.
(19
75)
inc
lud
ed
dem
ogr
aph
ic
con
sid
era
tio
ns
in
the
ir
stu
dy,
in
add
iti
on
to age and sex.
   
The
Cab
ell
i
et
al.
stu
dy
(19
76)
was
lim
ite
d t
o t
wo
sal
t-w
ate
r b
ath
ing
bea
che
s
in
New
Yor
k.
One
bea
ch
was
"re
lat
ive
ly
unp
oll
ute
d"
and
the
oth
er
was
"ba
rel
y a
cce
pta
ble
" f
rom
a m
icr
obi
olo
gic
al
sta
ndp
oin
t.
A c
ons
ist
ent
fin
din
g
fro
m t
he
stu
dy
was
tha
t g
ast
roi
nte
sti
nal
sym
pto
ms
(vo
mit
ing
,
dia
rrh
ea,
nau
sea
or
sto
mac
h a
che
) w
ere
sig
nif
ica
ntl
y h
igh
er
for
swi
mme
rs
tha
n n
on-
swi
mme
rs
at
the
"ba
rel
y a
cce
pta
ble
"
bea
ch,
but
not
at
the
"re
lat
ive
ly
unp
oll
ute
d"
bea
ch.
Whe
n t
he
mea
n
ind
ica
tor
den
sit
ies
at
eac
h b
eac
h f
or
the
197
3 a
nd
197
4 d
ata
wer
e p
lot
ted
aga
ins
t t
he
cor
res
pon
din
g d
iff
ere
nti
al
(sw
imm
ers
min
us
non
-sw
imm
ers
)
gas
tro
int
est
ina
l
sym
pto
m r
ate
s,
fou
r p
oin
ts
wer
e o
bta
ine
d f
or
eac
h i
ndi
cat
or.
Hig
h c
orr
ela
tio
n c
oef
fic
ien
ts
(0.
95)
wer
e
obt
ain
ed f
or
Esc
her
ich
ia
coli
and
fec
al
str
ept
oco
cci
, i
ndi
cat
ing
a s
ign
ifi
can
t c
orr
ela
tio
n
Bet
wee
n g
ast
roi
nte
sti
nal
dis
eas
e s
ymp
tom
ato
log
y a
nd
ind
ica
tor
den
sit
y.
Pre
lim
ina
ry
fin
din
gs
(Ca
bel
li,
unp
ubl
ish
ed)
fro
m m
ult
i-y
ear
epi
dem
iol
ogi
cal
stu
die
s b
ein
g c
ond
uct
ed
at
mar
ine
bea
che
s i
n t
he
vic
ini
ty
of
Ale
xan
dri
a,
Egy
pt
and
a b
rac
kis
h w
ate
r b
eac
h o
n L
ake
Pon
tch
art
rai
n i
n N
ew
Orl
ean
s r
ese
mbl
e a
nd
appear to confirm Cabelli's previous findings.
Oth
er
rec
ent
rep
ort
s h
ave
pos
iti
vel
y a
ttr
ibu
ted
out
bre
aks
of
ser
iou
s
dise
ases
to e
xpos
ure
to n
atur
al
recr
eati
onal
wate
rs.
In D
ubuq
ue,
Iowa
an
out
bre
ak
of
shi
gel
los
is
occ
urr
ed
amo
ng
swi
mme
rs
bat
hin
g i
n f
eca
lly
pol
lut
ed
Miss
issi
ppi
Rive
r wa
ter
(Ros
enbe
rg,
1976
).
This
was
stro
ng e
vide
nce
that
gast
roin
test
inal
dise
ase
tran
smis
sion
can
occu
r by
swim
ming
in s
uch
wate
rs,
alth
ough
the
sour
ce(s
) of
the
Shig
ella
and
indi
cato
r or
gani
sms
in t
he w
ater
cou
ld
not
be
une
qui
voc
all
y e
sta
bli
she
d.
Oth
er
rep
ort
ed
dis
eas
es
inc
lud
e
typh
oid
(Cen
ter
for
Dise
ase
Cont
rol,
1972
),
infe
ctio
us h
epat
itis
(Bry
an e
t
31;,
1974
),
ameb
ic m
enin
goen
ceph
alit
is
(Wel
ling
s et
al.,
1977
),
ext
ern
al-
otit
is
(Hoa
dley
and
Knig
ht,
1975
), c
oxsa
ckie
viru
s B
infe
ctio
n (
Hawl
ey e
t al
.,
1973
),
skin
gran
ulom
a ca
used
by M
ycob
acte
rium
mari
num
(bal
nei)
(Eva
n-Pa
z et
all,
1976
) a
nd g
astr
oint
erit
is
in M
acom
b Co
unty
, M
ichi
gan
(Cen
ter
for
Dise
ase
Con
tro
l,
197
9).
Oth
er
exa
mpl
es
are
cit
ed
by
Pip
es
(19
78)
.
_ 45 _
 In
a
recent
report
prepared
by
the
National
Research
Council
of
the
National
Academy
of
Sciences
(1979)
it
was
concluded
that:
"Despite
the
potential
error
of
the
coliform
criterion
having
been
based
on
the
presumed
coincidence
of
Salmonella,
the
criterion
remains
a
reasonable
predictor
for
gastroenteric
illness
and,
possibly,
infections
from
non-coliform
agents.
In
its
review
of
the
present
techniques
for
monitoring
the
microbiological
quality
of
recreational
water,
the
committee
further
concluded
that
".
.
bacterial
monitOring
of
recreational
waters,
when
used,
has
served
to
hold
disease
transmission
to
reasonable
levels,
thereby
providing
valid
justification
for
continuing
use
of
a
bacterial
criterion
for
recreational
waters
and
for
further
extensive
efforts
to
improve
procedures.
The
fecal
coliform
test
is
acceptable
for
protecting
the
public
health
until
additional
epidemiologic
data,
improved
laboratory
procedures,
and
a
better
understanding
of
aquatic
microbial
ecology
are
attained.
It
provides
a
useful
interim
criterion
that
is
superior
to
the
other
suggested
microbiological
indicators,
and
its
use
certainly
is
better
than
abandoning
microbiological criteria altogether."
The
foregoing
discussion
points
out
the
fact
that
evidence
supporting
the
need
to
control
the
discharge
of
pathogenic
microorganisms
to
receiving
waters
is
controversial.
In
view
of
the
fact
that
a
strong
case
can
be
built
for
either
point
of
view,
depending
on
the
individual
circumstances,
it
is
the
Task
Force's
opinion
that
the
seasonal
disinfection
option
and,
even
in
some
cases,
a
no
disinfection
option
could
be
viable
candidate
strategies
worthy
of
consideration.
The
final
public
health
decisions
pertaining
to
the
discharge
of
a
particular
wastewater
effluent
and
the
degree
of
protection
judged
to
be
pertinent
to
the
users
of
the
receiving
stream
must
be
made
by
the
specific
local
jurisdictions.
Consequently,
the
seasonal
and
no
disinfection
options
will be addressed in this report.
Protection of Aquatic Life
Laboratory
and
field
studies
have
documented
the
adverse
effects of
residual
chlorine
on
aquatic
life
at
selected
locations.
Data
or
studies
on
the magnitude
of
these
effects
around
the
Great
Lakes,
however,
are
not
available
for
various
reasons
as
noted
in
Chapter
3.
Indeed,
it
is
not
clear
how
many
Great
Lakes
sewage
treatment
or
power
plant
discharges
are
considered
to
be
even
potential
problems.
Although
the
adverse
impacts
on
aquatic
life
have
been
documented
for
some
areas,
it
is
possible
that
chlorine
is
not
an
important
problem
in
the
Great
Lakes
because:
a.
existing data show fish can tolerate short-term exposures
to fairly
high concentrations of chlorine without apparent adverse effects;
b.
although the existing data have been contradictory,
some species of
fish have
been shown to avoid chlorine in both laboratory and field
studies and
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c.
the
re
are
som
eti
mes
str
ess
ful
lev
els
of
con
tam
ina
nts
oth
er
tha
n
chlo
rine
in s
ewag
e tr
eatm
ent
plan
t ef
flue
nts.
Thes
e co
ntam
inan
ts m
ay
be m
ore
detr
imen
tal
than
chlo
rine
depe
ndin
g on
the
conc
entr
atio
ns
and
durations of exposure to both chlorine and the other toxicants.
Imp
lic
ati
ons
for
Dis
inf
ect
ion
Str
ate
gie
s t
o b
e A
sse
sse
d
The
foll
owin
g mi
crob
iolo
gica
l g
uide
line
s a
re s
umma
rize
d fr
om t
he c
urre
nt
policies of the relevant Great Lakes jurisdictions:
PURPOSE AND/OR
OBJECTIVE JURISDICTION
1. One fecal coliform per 100 mL
objective — Non-degredation objective.
2.
10 fe
cal
colif
orms
per 1
00 mL
— IJC
Micro
biolo
gy Wo
rk G
roup
Draft
Recommendation for Recreational
100 total coliforms per 100 mL Waters.
3. 200/400 fecal coliforms per 100 mL U.S. States' Objective for
Recreational Waters.
4. 2,000 fecal coliforms per 100 mL - U.S. and Canadian Objectives
for Water.
5. 20,000 total coliforms per 100 mL U.S. and Canadian Objectives
for Water Supply intakes.
These objectives would theoretically apply at the edge of a mixing zone,
but for the purposes of this study, it will be assumed that these objectives
are to be met at the end—of—pipe. This Task Force does not recommend any
specific bacterial objectives, but will identify the implications for
achieving each microbiological objective level in terms of the type and degree
of sewage treatment required. These treatment requirements will be used in
the evaluation of the alternative methods of moving toward or achieving the
chlorine objective. The assumption of meeting objectives at the end-of-pipe
will indicate the maximum consequences that can be expected when alternatives
are implemented.
The elimination of disinfection year—round appears to be a viable option
under certain circumstances, e.g. where effluents have BOD and T55
concentrations of 15 mg/L or better, where the outfall is submerged and
distant from shore and where the effluent does not directly impinge on
drinking water supplies or contact recreation areas.
The achievement of at least 2,000 fecal coliforms/100 mL and 20,000 total
coliforms/100 mL could be reliably achieved in most primary and secondary
plants with chlorination or other disinfection methods.
Reduction of total coliforms to less than 200/100 mL would require that
effluents receive at least secondary treatment, i.e. activated sludge and
aeration. The achievement of less than 100 total coliforms per 100 mL would
- 48 _
 require a very efficient degree of advanced secondary treatment and the
bacterial density would vary considerably with effluent quality despite
chlorination.
A density of less than one fecal coliform per 100 mL cannot be
achieved by disinfection methods without tertiary filtration and treatment.
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Definitions
The
initial
conception
of
a mixing
zone
was
engineering
oriented.
It
is
that
area
or
volume
of
dilution
water
necessary
to
reduce
contaminant
concentrations
to
some
target
level
or
to
a totally
mixed
condition
and
defined
in
terms
of
plume
shape,
size
and
depth.
This
concept
of
a
mixing
zone
did
not
incorporate
any
consideration
of
the
biological
effect
of
that
discharge.
A
more
recent
interpretation
of
the
term
mixing
zone
is
by
regulatory
agencies
responsible
for
the
development
and
enforcement
of
water
quality
standards
in receiving waters.
In the parlance of regulatory agencies,
a
mixing
zone
is
that
area
or
volume
of
water
in which
waterquality
standards
could
be
exceeded.
In most
instances,
a physical
mixing
zone
and
a regulatory
mixing zone differed significantly in size.
The concept of a "limited use zone"
was introduced into the Great Lakes
Water Quality Agreement
(International
Joint Commission,
1978).
Limited use
zones are areas in the vicinity of present and future municipal,
industrial
and tributary point source discharges within which some specific objectives
may not apply and are not protective of certain uses.
It is that area or
volume where an effluent and ambient water mix.
Limited use zones represent
the maximum area where less than objective quality would be allowed.
Harbours
and certain bays may be encompassed by a limited use zone.
As referred to in the Agreement, the limited use zone is virtually
synonymous with the mixing zone.
Limited use zones and mixing zones are
currently under review, but for this present study the terms refer to that
zone around a point source discharge within which ambient water quality
objectives for receiving waters do not apply.
The Determination of Mixing and Limited Use Zones
There are a number of factors that make the designation of mixing or
limited use zones difficult.
The sequential addition of loadings over time
sometimes makes it necessary to redesignate the mixing zone to permit new
discharges.
It is also important to distinguish between conservative,
bio-accumulative and bio- or chemo-degradable contaminants.
Some substances
may be so toxic as to preclude the allowance of a mixing zone.
One of the earlier attempts to incorporate environmental considerations
into the development of mixing zones was based on zones of passage. This was
devised to ensure that contaminants would not block the migration or the
drifting of aquatic species.
In these passageways, concentrations of waste
_ 51 _
   
materials should meet the requirements for the receiving water. Generally,
mixing should be accomplished as quickly as possible through devices such as
diffusers.
Current Policies
Mixing zones are not clearly defined in state statutory and administrative
policies. Fifteen states had no statement whatsoever about these zones.
Twelve others had vague statements applicable only to cooling waters or sewage
treatment plant effluents. Very general statements were used by 19 states and
most of these used mixing zones to justify not monitoring effluents close to
the point of discharge. Only four states had specific numerical limitations
and these only applied to zones of passage.
The United States Environmental Protection Agency has noted that "limited
use zones" provide an excuse for dilution or pollution which is contrary to
United States laws. In Ontario the concept of a mixing zone or limited use
zone is accepted, but is applied on a case-by-case basis subject to the
various constraints and guidelines as set out in the 1978 Agreement
(International Joint Commission, 1978).
Implications Concerning Mixing Zones
 
Mixing or limited use zones are relevant to this study because different
sizes or areas of mixing zones:
a) imply different costs to achieve them and
b) imply a willingness to accept specific levels of environmental damage
in receiving waters.
However, different sizes of mixing zones will not be explicity considered
in the evaluation of disinfection options in this study for the following
reasons:
a) the concepts of mixing and limited use zones are currently under
review and may be substantially revised;
b) there is no clear, objective criterion for determining the size of a
mixing zone and
c) regulatory agencies currently determine sizes and characteristics of
mixing zones on a case-by-case basis. In this study, the options
will be evaluated on an aggregate basis.
As noted earlier all evaluations will be made on the basis of meeting
objectives at the end-of—pipe. The expected consequences will represent the
maximum possible. To estimate consequences of different strategies, the Task
Force assumed that there were no mixing zones because there are no preferred
criteria for the establishment of mixing zones. Consequently, jurisdictions
can make their own assessment of mixing zone size. Allowance for mixing zones
will then mitigate or otherwise alter these consequences, i.e. possibly result
in lower financial costs for achieving the objective or in an increase in the
risk and damages to aquatic life.
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PLANTS
Chlorine
Residuals
from
Industrial
Sources
Other
than
the
chlor-alkali
plants
already
noted,
there
are
relatively
few
major
industrial
sources
of
free
available
chlorine
residual.
There
are
many
large
industrial
users
of
chlorine
who
discharge
chlorine
residuals
along
with
liquid
wastes
into
the
Great
Lakes,
their
tributaries
and
their
interconnecting
channels.
However,
residual
chlorine
is
either
not
. discharged,
not
considered
a
problem
or
the
effects
are
masked
by
other
more
noxious and problematic components.
Because
residual
chlorine
is
usually
not
the
most
serious
contaminant
from
industrial
dischargers,
it
is
often
not
monitored,
consequently
data
on
residual
chlorine
from
industrial
sources
are
rather
sparse.
Industrial
sources
for
which
residual
chlorine
is
measured
are
listed
in
Table
9.
It
is
important
to
remember
that
each
source
discharges
other
contaminants.
Those
sources
whose
chlorine
loadings
exceed
"requirements"
would
certainly
warrant
further
investigation.
However,
those
data
corroborate
our
conclusion
that
industrial
sources
are
not
an
important
source
of
residual
chlorine.
Chlorine Residuals from Power Plants
Intermittent chlorination
is necessary in many power plants to maintain
condenser tube cleanliness for proper heat transfer in the condensers but not
for
any
health
reasons.
The Canadian
and United
States
power
plants
that
discharge cooling water into the Great Lakes are listed individually in
Appendix 1 and displayed in Figure 3.
Data on residual
chlorine loadings
are
not available for all power plants.
Many of the power companies included in Appendix 1 report that they are
reducing their chlorine usage by optimizing chlorine dosages.
At present
power plants operating in Ontario are restricted to total
chlorine residual
discharges of less than 0.5 mg/L.
In plants where anti—biofouling practices are employed, the following
measures can be implemented to reduce or eliminate total chlorine residuals:
1.
undertake studies to determine the minimum amounts of chlorine
required to achieve biofouling control (Schumacker and Lingle, 1979);
2.
automated mechanical cleaning without chlorination or supplemented by
chlorination;
3. dechlorination of discharges from condensers by chemical feed;
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 Fig»,3
Great Lakes Power Plants using Chlorine to control Biofouling
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4.
use
of w
ater
from
othe
r co
nden
sers
to b
oth
dilu
te a
nd r
eact
with
waste chlorine discharged from the condenser under chlorination and
5. new chemical "chlorine aids".
Elec
tric
util
ity
comp
anie
s an
d va
riou
s a
genc
ies
are
inve
stig
atin
g th
e
abov
e me
ntib
ned
alte
rnat
ives
to c
urre
nt b
iofo
ulin
g c
ontr
ol
prac
tice
s or
are
foll
owin
g su
ch r
esea
rch.
Howe
ver,
the
util
itie
s c
laim
that
the
alte
rnat
ives
are
not
yet
tech
nica
lly
prov
en o
n a
larg
e sc
ale
or t
hat
retr
ofit
ting
onto
existing plants would raise biofouling control costs substantially greater
than
chlo
rina
tion
.
The
most
sign
ific
ant
cost
appe
ars
to b
e th
e pr
oduc
tion
penalty that could occur if the plant had to be shut down for manual cleaning.
These claims notwithstanding, dechlorination systems for power plants
appear to be technically and economically feasible on the basis of experience
and recent literature. The data in Table 2 of Appendix 1 show that eight
Great Lakes facilities in the United States dechlorinate regularly. Beals, et
31; (1979) provide an informative review of dechlorination practices by power
utilities. They note that reducing (dechlorinating) agents such as sulphur
dioxide, sodium sulfite and sodium bisulfite can be added to water systems by
using standard commercially available equipment. No new equipment or systems
need be developed for the successful application of the reducing agents to
condenser cooling water discharges. These authors further assert that "sulfur
dioxide systems are usually composed of equipment components essentially
identical to those used for chlorine, except for (a smaller) size". Smaller
sized equipment can be used because it is the chlorine residual, not the dose,
that must be destroyed.
According to Beals et al. (1979), equipment costs for dechlorination
systems range from $60,000 to $150,000, about the same as the chlorination
system, depending on plant capacity, unit arrangements and cooling water
system features. Chemical costs for once through system dechlorination run
about $0.165/d/mg/L total residual chlorine for each 1,000 U.S. GPM of cooling
water flow which is chlorinated for one hour per day. .
Because power generating facilities vary so much and because no biofouling
control alternative is preferred at this time, it was not possible for the
Task Force to estimate the financial costs of expressly meeting the chlorine
objective. Although the proposed chlorine objective is not intended for
intermittent chlorine discharges from power plants, there is scope for
minimizing the application of chlorine. Hence, the reduction in chlorine
residual loadings in a number of power plants. Where problems and damages to
aquatic life warrant, dechlorination appears to be a feasible means of .
reducing hazards to aquatic life until other mechanisms for biofouling contro?
that do not use chlorine are developed.
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 CHLORINE INCIDENTS
Even
though
chlorine
is
widely
used
in
home
and
public
swimming
pools
as
well
as
by
water
and
wastewater
treatment
plants,
relatively
small
quantities
of
chlorine
gas
in
air
can
be
extremely
toxic.
A
concentration
of
1,000
mg/L
in
air
can
be
fatal
after
only
a
few
breaths.
Any
accidental,
uncontrolled
release
of
chlorine
gas
must
be
treated
as
an
emergency.
Risk
of
accidental
release
of
chlorine
during
its
transportation,
handling,
application
and
storage
is
a
source
of
social
and
economic
concern.
Chlorine
is
transported
by
means
of
small
cylinders,
ton
containers,
tank
trucks,
rail
cars,
barges
and
pipelines.
Bulk
chlorine
shipments
follow
a
general
pattern
as
follows:
rail,
68—70%;
water,
7-8%;
highway,
1-2%
and
pipeline
about
20%.
It
is
roughly
estimated
that
about
one—half
million
tons
are
annually
shipped
in
cylinders
and
ton
containers
(almost
exclusively
from
packagers).
Much
of
this
chlorine
is used
in water
and
sewage
disinfection
(Laubusch, 1979).
The
number
of
chlorine-related
incidents
during
1973
and
1974,
their
locations
and
types
of
containers
are
summarized
in Table
10.
The data
show
that about 60% of all
incidents occur at the consumer's facility, while only
about 10% occur
at the producer or packager's facility.
Approximately 25% of
all
incidents
occur in transit of which about 80% are rail.
A little over 60%
of all incidents involve shipping containers as opposed to stationary
equipment.
Despite the number of accidents, their significance in terms of
human injury, death and property damages appears to be low.
Table 11 shows those Reported Chlorine Incidents occurring in the Great
Lakes Basin during the three-year period 1972-74.
Incidents pertaining to
swimming pools or hypochlorite and bleach were not included. 0f the 62
incidents listed in the Great Lakes Basin, 36% occurred in industry, 21% in
transit, 8% at sewage treatment plants, 8% at water treatment facilities, 5%
at paper companies, 3% at power plants and 19% were defined as other.
The "disinfectant" users (STPs, water treatment and power plants) together
account for 19% of all incidents.
It is not known how many of the transit
incidents were related to STPs or power plants.
The disinfectant users do not
account for large amounts of chlorine used, but there seems to be a
disproportionate number of related incidents because these users require more
handling of the chemical.
On November 10, 1979 a train carrying propane and chlorine was derailed in
Mississauga, Ontario.
The resulting explosion, fires and rupture of a single
railway tank car of chlorine prompted the evacuation of over 250,000 people
for one week.
This was the largest evacuation ever to take place in North
  
SUMMARY OF REPORTED CHLORINE INCIDENTS1
TABLE 10
   
CLASSIFICATION 1973 1974
CLASSIFIED BY LOCATION
At FaciTitx
Producer 9 11
Packager 11 2
Consumer 89 105
Other ___1 110 _12 130
Transit
Highwav 8 2
Raii 26 37
Water
_l
.3
35 43
Unknown __1 __1
TotaT 146 174
CLASSIFIED BY CONTAINER
Shigging Containers
Cylinder 31 41
Ton Containers 15 8
Tank Cars 43 54
Cargo Tank 1 —
Barqe _1 __§
91 106
Stationary Equipment 36 41
Unknown _12 _21
TotaT 146 174
   
1Adapted from The Chiorine Institute, Inc.
echusiveTy for the Great Lakes).
_ 58 _
(1979) (N.B. - Data are not
 
  
Table ll — cont'd.
                  
FACILITY TRANSIT CONTAINER
S— S— L $.— - $-
LOCATION DATE 8 g g g .3 f3 3 OTHER LEAK REMARKS
aeaaz_ ; 50148.
O U C I U) 'l- 44 r— : C L-
arges; & e 32.23
(Cont'd.)
Niagara Falls, N.Y. 11/25/73 X Yes Hooker Chemical
R.deBeaudette, 0nt.* 11/24/73 X X X Yes
Midland, Mi. 12/20/73 X Yes Dow Corning
Ashtabula, Oh. 1/18/74 X X Yes Detrex Chem.
Cuyah
oga
Hts.,
0h.
1/26/
74
Yes
Burni
ng P
lasti
c
Detroit, Mi. 2/12/74 X X No Derailment
Belleview, Oh. 3/15/74 X X No Derailment
E. Syracuse, N.Y. 4/ 4/74 X . X No Derailment
Toronto, 0h.* 4/27/74 X X Yes Distributor
Wheatfield, N.Y. 4/27/74 X X Yes Cylinder as
Septic tank
Chicago, Il. 4/30/74 X X Yes Derailment
Erie, Pa. 4/29/74 X X Yes Paper Co.
Racine, Wi. 5/11/74 X X Yes STP
Chicago Hts., 11. 5/21/74 X Pipeline Yes Al. Co.
Sarnia, Ont. 5/15/74 X X RR yard
5/16/74
Toledo, 0h. 5/15/74 X X No Mfg. Co.
Marysville, Mi. 6/18/74 X X Yes Power Plant
Clinton, Ont. 6/21/74 X X Yes P.U.C.
Enola, Pa.* 7/ 7/74 X X Yes RR yard
Syracuse, N.Y. 7/16/74 X X Yes Prest-o-Lite
Corp.
Niagara Falls, N.Y. 7/ 6/74 x Yes Sewer
Solvay, N.Y. 8/ 1/74 X Pipeline Yes Allied Chemical
N. Tonawanda, N.Y. 11/21/74 Thionyl chlor-
ide break in
Nyandotte, Mi. 11/ 2/74 X Yes Press Lines
Lake Odessa, Mi. 11/14/74 X X No Derailment
Grand Rapids, Mi. 11/ 5/74 X Pipeline Yes Mfg. Co.
Miles, 0h.* 12/ 7/74 X X No Derailment
Plankton, 0h.* 12/13/74 X X No Derailment
  
* Location not determined, therefore, may be outside of Great Lakes Basin.
1 The Chlorine Institute, Inc.
(1979).
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America and while there were no deaths or injuries attributable to the
chlorine, the costs of the evacuation, inconvenience and interruptions that
the threat of this chemical caused will doubtless run into the millions of
dollars.
It is difficult to quantify the actual accidents and risk attributable to
chlorine that is used for disinfection, but the potential for accidents and
significant damage to persons and property will continue to exist wherever
chlorine is transported, stored and used in large amounts.
However, reducing
or eliminating sewage treatment plant effluent chlorination would not likely
reduce the frequency of transportation accidents because of the relatively
small chlorine usage for purposes of disinfection.
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ALTERNATIVE WASTEWATER DISINFECTION PRACTICES
Introduction
Municipal sewage treatment plants constitute the major source of residual
chlorine in the aquatic environment along with power plant cooling water
antifouling practices. In this chapter several different strategies for
reducing the levels of residual chlorine in existing sewage treatment plant
effluents are identified and are evaluated using criteria derived from Table
1. These strategies range from continuing present practices with minor
operational improvements to eliminating sewage disinfection altogether. The
strategies identified and evaluated represent specific points along a
continuum of alternatives that could be implemented.
The evaluations will primarily be qualitative and will indicate which
criteria or consequences are most important or significant, the nature and the
direction of the changes that are likely to occur and what operational
measures should be used for empirical evaluations. Some quantitative
estimates of the consequences of different strategies are presented as well.
However, a complete and comprehensive empirical evaluation of even the few
strategies identified here is beyond the resources of the Task Force.
Nevertheless, the qualitative assessments presented will provide some valuable
insights and the procedures outlined in this chapter will enable
jurisdictional authorities to undertake their own, more intensive, empirical
evaluations of strategies of programs for their own locations.
Alternative disinfection technologies were also studied and evaluated by
the Task Force. The conclusions of this technical assessment are presented in
this chapter with a more detailed report in Appendix 2.
In addition to these evaluations, the chapter will include some further
perspectives on the extent to which the proposed ambient chlorine objective is
currently being achieved, the relative importance of sewage treatment plant
effluents to total pollution loadings and comments on the implications of
implementing these various strategies in present and future treatment plants.
Research and information needs will be identified throughout.
Alternative Disinfection Systems
The various new and old technologies for terminal disinfection at sewage
treatment plants discharging into the Great Lakes were reviewed in terms of
environmental consequences, practicability and cost. A report of this review
is presented in Appendix 2 while the results of these evaluations are
summarized in Table 12. Only those techniques that appear to achieve
disinfection without generating questionable chemical by-products were
_ 53 _
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TABLE
12
PRACTICAB
ILITY 0F
ALTERNATI
VE DISINF
ECTION TE
CHNOLOGIE
S AND SYS
TEMS
EXISTING
FULL—SCALE
FACILITIES
RELATIVE
COMPLE
XITY O
F
TECHNOLOGY
TECHNOLOGY/
SYSTEM
EQUIPMENT
RELIABILITY
PROCESS
CONTROL
PRO
CES
S
DESIGN CO
MM
ER
CI
AL
AV
AI
LA
BI
LI
TY
 
PROCE
DURES
EQ
UI
PM
EN
T
CH
EM
IC
AL
S
 
ChTorine/Soz Yes
Dechiorination
Moderate
BrCI No Moderate
Ozone
Yes Compi
ex
C102
No
Modera
te
UV
Yes
SimpIe
   
Fair
Poor
Variabie
(Poor to Good)
Insufficient
experience
Goo
d1
 
WeII
DeveToped
Proble-
matic
Poor
Not
known
Not
known
 
Nell
Deveioped
Insufficient
experience
Und
er-
deveioped
Insufficient
exp
eri
enc
e
Insufficient
exper
ience
Yes
No
Yes
Yes
Yes
 
Yes
Yes
N
/
A
Un
ce
rt
ai
n
N
/
A
1Based on prototype demonstration facility.
 
   
    
considered
for
basinwide
application.
This
is
not
to
say
that
agents
such
as
bromine
chloride
should
not
be
tested
by
jurisdictional
authorities.
Time
and
resource
limitations
permitted
the
Task
Force
to
evaluate
only
a
few
technologies in detail.
Although
other
oxidizing
agents
can
be
used,
dechlorination
is
most
commonly
achieved
through
the
use
of
sulphur
dioxide.
For
small
plants,
one
day's
storage
of
a
chlorinated
effluent
will
substantially
reduce
the
chlorine
residuals.
Dechlorination
with
sulphur
dioxide
may
result
in
the
reduction
of
dissolved
oxygen
in
receiving
waters,
but
in
either
case
chloro-organics
will
be
produced.
Dechlorination
agents
such
as
sulphur
dioxide,
however,
are
toxic
to
aquatic
life
and
may
also
exacerbate
the
delicate
pH
conditions
of
some waters.
Only
ozone
and
ultraviolet
(UV)
light
appear
to
meet
the
no
problematic
by-product
criterion.
To
date
there
is
no
published
evidence
as
to
the
degree
of
toxicity
of
the
by-products.
Researchers
are,
however,
endeavouring
to
find
the
answers.
Ozone
technology
is
relatively
well-developed
and
some
large-scale
facilities
are
operational
in
the
United
States.
While
some
aspects
of
ozone
technology
require
improvement,
facilities
may
presently
be
designed
and
built
with
the
assurance
of
achieving
satisfactory
disinfection
of
filtered,
secondary
or
higher
quality
effluent.
New
or
expanded
sewage
treatment
plants
should
use
ozone
or
ultraviolet
provided
the
effluent
will
be
sufficiently
polished
to
allow
disinfection
using
these
methods.
Although
an
increase
in
disinfection
costs
would
likely
result
(see
Appendix
2),
the
potential
for
economies
of
scale
in
larger
facilities
appears
to
be
substantial.
The
broad
applicability
of
ozone
to
the
present
population
of
treatment
plants
was
estimated
on
the
basis
of
the
information
provided
in
Table
13.
Most
of
the
alternative
technologies
can
be
used
only
on
effluents
that
are
of
secondary
treatment
level
quality
or
better.
However,
not
all
secondary
treatment
plants
presently
have
a
quality
sufficient
for
these
techniques
or
there
may
be
other
reasons
why
the
technology
is
not
applicable.
The
application
of
ultraviolet
radiation
to
sewage
disinfection
is
not
as
well
developed
as
the
application
of
ozone.
Operating
experience
on
fullsized
plants
is
limited
to
a
secondary
treatment
plant
at
Northwest
Bergen
County,
N.J.,
where
a
secondary
(BOD
and
Solids
of
less
than
10
mL/L)
level
sewage
treatment
with
a
good
quality
effluent
is
disinfected
with
ultraviolet
radiation.
The
lower
limits
of
effluent
quality
for
which
effective
performance
can
be
expected
is
not
well
defined.
For
these
reasons
the
implications
of
wide—spread
application
of
ultraviolet
radiation
to
plants
in
the
Basin
has
not
been
considered
in
these
evaluations.
For
existing
sewage
treatment
plants
in
the
Basin,
the
alternative
technologies
to
chlorine
disinfection
that
meet
the
"no
by-products"
criterion
cannot
be
retrofitted
in
most
plants
at
the
present
time
with
certainty
of
effectiveness
and
without
upgrading
effluent
quality.
Ozone
technology
may
be
applied
in
new
plants
or
where
plants
are
expanded
or
upgraded,
especially
with
respect
to
suspended
solids.
Furthermore,
research
and
development
currently
underway
on
ultraviolet
technology
may
facilitate
the
application
in
the
near
future
of
these
devices
in
new
or
upgraded
plants.
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TABLE
13
MICROBIOLOGICAL, ECOLOGICAL AND CHEMICAL EFFECTS
OF ALTERNATIVE DISINFECTION TECHNOLOGIES AND SYSTEMS
  
T
E
C
H
N
O
L
O
G
Y
/
SYSTEM
MICROBIOLOGICAL OBJECTIVE
 
MIN.
LEVEL
OF TREATMENT
BACTERI—
CID
AL
VIRU-
CIDAL
INCREMENTAL
FISH
TOXICITY
RELATIVE TO CLZ
HAZARDOUS
BY-PRODUCTS
SAFETY PROBLEMS
 
TRANSPOR-
0N-
TATION SITE
RELATIVE2
COST
ADDITIONAL
REM
ARK
S
 
Chiorine
Chiorine/502
Dechlorination
BrCI
Ozone
C102
U
V
Primary
Primary
Secondary
Fiitered
Secondary
Secondary
Secondary
(?)
 
Yes
Yes
Yes
Yes
Yes
Yes
Poor
P
o
o
r
Fair
Go
od
Go
od
Go
od
  
Toxic
Non-
toxic
Siight
t
o
moderate
No
n—
toxic
Toxic
Non-
toxic
 
Yes
Yes
Yes
None
demon-
strated
Not
expected
No
Yes
++++
Yes
++++
Yes
+++
No
++
Yes1
++++
N0
+
 
1.0
'l.5
2.0
t
o
3.03
4.0
<1.0“
 
Goo
d e
con
omy
of scale
$02 ap
plica-
ti
on
mo
re
diffic
uit at
sma
iie
r
pia
nts
Good e
conomy
of
scale.
More
effic
ient
with
oxyge
n
Scaie—up is
more
iinea
r
1Due to the chiorine needed for on-site generation.
2Plant with 5 x 103m3/d flow; the ratio wiii change with
3Ozone generated from air.
“Based on resuits from NH Bergen County, New Jersey.
+
++
+++
++++
I
I
I
I
Minimai Safety Probiem.
Siight Safety Probiem;
Moderate Safety Problem.
Substantiai Safet
y Probiem.
size piant.
                 
 
 Some Perspectives on Sewage Treatment Plant Disinfection
As noted in Chapter 5, the key consequences of changes in chlorination
practices appear to be disinfection costs and bacterial loadings which give
rise to health risk and damages to aquatic life.
In addition,
it is necessary
to consider the extent to which each strategy will actually achieve or move
toward the ambient chlorine objective as well as the degree to which
government enforcement activities are required.
The Task Force has attempted to obtain an inventory of those locations on
the Great Lakes and interconnecting channels where ambient chlorine levels are
not achieved or where chlorine concentrations are considered to cause damages
to aquatic life.
So far no jurisdiction has completed such a survey.
It is
not known precisely where treated and chlorinated effluent volumes are such
that total
residual
chlorine concentrations are consistently above the
proposed
ambient levels
in receiving water.
Moreover,
no jurisdiction has
actually required that sewage treatment plants dechlorinate their discharges
as a general
policy.
Two sewage treatment facilities,
eight power plants and
at least eight industrial facilities in the Great Lakes already dechlorinate
their effluents at the behest of their respective environmental
agencies.
Consequently,
the various
jurisdictions should document the actual
and
potential
damages to aquatic life in a more systematic manner in order to make
quantitative comparisons with changes in bacterial loadings and disinfection
costs resulting from different strategies.
One approach would be to review
sewage treatment plant effluents and receiving water dilution ratios to
determine where the resulting concentrations of chlorine and other
contaminants
have the potential
to exceed objective levels.
Problem areas
can
then be
identified after adjustments
are made for outflow devices,
plume
patterns, water-use patterns
and contaminant decay rates.
Chlorination is practised primarily to reduce or eliminate pathogenic
organisms from sewage effluents which might otherwise cause diseases.
These
organisms include bacteria, viruses and protozoans.
Chlorination is, however,
less effective against viruses
than it is against bacteria and there are other
sources of bacteria and pathogenic contamination in the water body that, in
some instances, makes
sewage treatment plant disinfection ineffectual
in
controlling
surface
water
bacterial
populations.
Bacterial
contamination in surface waters can result from:
—
runoff, particularly from intensive livestock rearing or
finishing yards and areas where wildlife congregate;
-
.
meat
and
poultry
processing
facilities;
-
leachate
from
landfill
sites;
- discharges from septic tanks and tile beds;
—
raw sewage by—passed up stream of sewage treatment plants;
-
storm
flows
from
combined
sewers
and
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—
discharges
from
pulp
and
paper
mills
and
sawmills.
These sources are summarized in Figure 4.
The volume of discharges from these sources is undoubtedly significant but
difficult
to
quantify
basinwide.
Studies
in Ontario
have
yielded
a data
base
from
which
the
relative
volume
of
(untreated)
stormflows
and
(treated)
sewage
discharges
may
be estimated
(Waller
and
Novak
1979).
Figure
5 provides
a
quantitative overview of the various types
of discharges from Ontario
communities
to
the Great
Lakes.
The
combined
volume
of
stormwater
discharges
and combined sewer overflows
is about 40% of that from treated sewage.
Thus,
sewage
treatment
plant
disinfection
is only a partial
barrier
to the
control
of
bacterial
contamination.
Disinfection
of sewage
effluents
may
be
a
waste
of
money
in
some
areas
unless
other,
more
diffuse,
sources
of
bacterial
contamination
are
brought
under
control.
It
is,
of
course,
up
to the
various
jurisdictions
to
identify
and
to make
the
appropriate
decisions
about
these
situations.
Strategies
for Achieving
the
Chlorine Objective
An
almost
infinite
combination
of
feasible
wastewater
disinfection
technologies
and
practices
could
be
implemented
at
sewage
treatment
plants
throughout
the
Great
Lakes
Basin.
In
addition,
there
are
several
things
that
could
be
done,
unrelated
to
disinfection,
that
would
also
help
to
achieve
the
ambient
objective.
It
is
impossible,
therefore,
to
evaluate
in
detail
all
possible
disinfection
programs
or
degrees
of
implementation.
Nevertheless,
several
classes
of
alternatives
or
strategies
can
be
identified
and
the
expected
consequences
evaluated
on
the
basis
of
the
most
relevant
criteria
derived
from
Table
1.
Although
the
programs
specified
below
represent
extreme
assumptions
in
some
cases,
they
permit
the
nature
and
the
incidence
of
the
consequences to be defined.
The
strategies
concerning
sewage
treatment
plant
effluents
include:
a)
CONTINUE
CURRENT
PRACTICES
AND
PROCEDURES
These
practices
include
seasonal
chlorination
in
Ontario;
year-round
chlorination
in
the
United
States;
no
retrofitting
of
new
disinfection
technologies;
installation
of
chlorination
facilities
at
new
plants;
changes
in
individual
plant
practices
as
problems
are
identified.
b)
IMPROVE
THE
EFFICIENCY
OF
PRESENT
CHLORINE
DISINFECTION
PRACTICES
Specific
changes
that
would
improve
the
efficiency
of
chlorine
use
include
more
systematic
testing
of
effluents,
chlorine
minimization
studies
and
the
installation
of
automatic
equipment
in
some
locations.
c) SEASONAL DISINFECTION
All
Great
Lakes
sewage
treatment
plants
undertake
six-month
disinfection
unless
in
close
proximity
to
drinking
water
intakes.
_ 58 _
 
   
, Water
Treatment Plants
l
  
s
a
m
e
q
o
s
g
a
w
e
;
o
u
d
a
s
l
e
n
p
m
p
u
|
 
>
 
Urban Environment
 
Solid
Waste
l
-
.
Combined
Storm-Sanitary
Sewer
By-pass
    
_
_
Sewage
Sewage
Sewage
Landf'" 3"“
e
—
ﬁ
Treatment Plant
—
_
_
>
Sludge
Sludge
Agricultural
Operations
    
 
y
o
u
n
g
p
u
e
1
s
w
a
n
m
a
p
a
l
o
a
i
u
i
s
i
a
m
e
n
s
e
s
-
1
 
y
o
u
n
g
p
x
e
k
w
i
e
g
u
o
u
n
u
J
a
z
a
u
u
u
i
o
g
s
u
a
q
i
n
 
Surface Waters
 
Fig.
4
Sources
of
Bacterial
Contamination
to
Surface
Waters
  
 -
7
0
-
Fig. 5 Developed Urban Area and Runoff in Ontario
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 ADD DECHLORINATION TO PRESENT CHLORINE DISINFECTION PROCESSES AND
PRACTICES
Plants in the United States continue to disinfect 12 months per
year. Most plants in Ontario disinfect seasonally. Capital and
operating cost estimates are estimated from the assumptions presented
in Appendix 4.
INSTALL ALTERNATIVE DISINFECTION TECHNOLOGIES
Only estimates of the qualitative consequences of this strategy could
be developed (summary in Table 14, detail in Appendix 2).
ELIMINATE DISINFECTION ALTOGETHER
 
This strategy would be considered in the absence of a proximate water
supply intake or recreational use.
IMPROVE OUTFALL DIFFUSION STRUCTURES WHERE FEASIBLE
The chlorine objective may be achieved through dilution without any
in-plant changes. The degree of dilution depends on the initial
mixing from the diffuser parts or outlets and water movement. In a
lake context with little water movement, effluents must be discharged
into depths of 6-10 meters which require rather large offshore
distances in shallower lakes. However, even with the use of a
multiport diffuser, the maximum dilution anticipated is in the range
of 50:1. At this dilution rate, the proposed chlorine objective
cannot be achieved without a mixing zone given a typical chlorine
discharge residual concentration. However, chlorine concentrations
at "end of pipe" will be well below the 24-hour L650 objective
specified by the latest Canada - United States Water Quality
Agreement.
Diffuser structures would only be relevant to new plants, to plants
that are scheduled to be substantially upgraded or expanded and where
dilution is required for other contaminants besides chlorine.
Evaluation of Strategies for Achieving the Proposed Chlorine Objective
The strategies mentioned above were evaluated in terms of:
6)
 
Financial Implications for Existing Plants
- Initial capital costs of new equipment and retrofitting and
— Annual cost of chlorine used.
Effects on Aquatic Life
Quantitative documentation of specific effects on fish or other
aquatic organisms is not available.
ments of Task Force members.
Evaluation is based on judge-
 Public Health Risk
Ideally, it would be necessary to have data on sewage treatment
plants whose effluents constitute a public healthrisk
- to raw water supplies and
- to contact recreational waters.
. However, evaluation was based on the judgements of Task Force members
as to the perceived change in health risk.
Extent of Achieving Chlorine Objective
 
Ideally, it would be necessary to have dataon sewage treatment
plants where total residual chlorine is in excess of the proposed
objective or is otherwise considered to be a problem in the receiving
waters adjacent to the plant. The estimated proportion of the year
during which the chlorine objective is achieved is indicated for
three of the strategies. Some progress toward the objective is
indicated for the remaining three strategies.
Government Enforcement Activities
In order to make a quantitative assessment:
- for initial implementation it is necessary to determine the
man-years of effort and the provincial, state and local government
expenditure.
for monitoring it is necessary to determine man-years of effort and
the provincial, state or federal government expenditure to monitor
plant operations, ambient water quality, damages and effluent
qualities.
Table 14 summarizes the expected consequences of each strategy in qualitative
terms. This evaluation could be undertaken on a more quantitative basis by a
state or province for a specific drainage area or population of plants. The
Task Force was not able to compile detailed quantitative data on each of these
evaluation criteria for the entire Great Lakes Basin. Table 14 is, therefore,
an example of the kind of analysis that could be carried out by jurisdictional
authorities where data requirements are less formidable.
Nevertheless, Table 14 does indicate that seasonal chlorination is an
attractive strategy. Gains in terms of achieving the chlorine objective and
reduced potential damages to aquatic life can be achieved with a reduction in
the financial costs of disinfection by means of this strategy. Presumably
such a policy can be implemented so as to avoid increases in health risks.
Seasonal chlorination and efforts to achieve more efficient chlorination
could, therefore, be recommended without much additional empirical analysis.
TABL
E 14
EVALUATION OF STRATEGIES FOR ACHIEVING
CIZOBJECTIV
E IN STPS
 
FINANCIAL
PUBLIC HEALTH
GOV'T. ENFORCEMENT
IMPLICATIONS
RISK
EXTENT OF
ACTIVITIES
ON EXISTING PLANTS EFFECTS ON WATER RECREA- ACHIEVING
INITIAL
STRATEGIES
CgP.
OgM AOUATIC LIFE SUPPLY TION CIZOBJ. IMPLEMENTATION MONITORING REMARKS
3235
7235
32“
A
A V
V
A
A
A
   
Seasonai
S b'ect
to recei
vin
ChIorination
u J
9
water
uses.
Dechlorina-
ti
on
Alternative
Primarin reIevant to
TechnoIogy
N
0
HeaIth risk perceived
Disinfection
to be increased.
Improve
OutfaII
Structures
Option is very site-
specific.
V
A
v
A
Disinfection
Y
A
new or expanded pIants.
V
A
V
A
       
A — Increase
v - Decrease
O - No Change
  
However, the remaining strategies require the development of empirical
information before any further decisions or choices can be made.
comments on the consequences of each strategy are noted below.
Additional
a. Continue Current Practices and Procedures
 
There are no data from the jurisdictions or the IJC on the extent
to which chlorine is a problem in sewage treatment plant effluent.
(Chlorine Objective Task Force 1976).
According to Appendix 4, Table 11 for Canada and Table 14 for the
United States, the following amounts are spent annually on chlorine
chemicals for disinfection:
-0ntario Sewage Treatment Plants
chlorination/yr.
-United States Sewage Treatment Plants
chlorination/yr.
$ 481,900 for 6-months
3,684,800 for 12-months
Total $4,166,700
— No systematic or aggregate data on the effects on aquatic life.
(Chlorine Objective Task Force 1976).
- Not chlorinating can have significant impact on operation and
maintenance costs at smaller faccilities (U.S. Environmental
Protection Agency, 1975).
- Monitoring costs are likely to rise in the future in any event.
b. Improve the Efficiency of Present Chlorine Disinfection Practices
Chlorine objective may be achieved in an unknown number of
locations.
Capital costs must be incurred to achieve more efficient
chlorination - unknown for entire Basin.
Operation and maintenance costs will decrease because less
chlorine is used and increase because more maintenance will
be required. '
Presumably redUces effects on aquatic life with no change in
public health risks.
Senior (state and provincial) governments will likely have to
ind
uce
mum
'Cl
pal
iti
es
(at
a c
ost
)
to
imp
lem
ent
and
mai
nta
in
mor
e
efficient practices by means of more frequent monitoring.
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 c. Seasonal Disinfection
The chlorine objective will be achieved in most locations at
least five months per year.
No capital cost will be incurred.
Assuming all plants adopt seasonal chlorination, annual _
chlorination costs at United States plants will be reduced by 5/12
of total expenditure or $1,535,300 per year.
Effects on aquatic life will be reduced during non-chlorination
season.
No change in public health risk is expected.
Little senior government effort will be required to implement but,
more frequent monitoring is likely to be required.
Not all treatment plants may be able to implement seasonal
disinfection because of receiving water uses.
d. Add Dechlorination to Present Chlorine Disinfection Processes and
 
Practices
Information on the location of plants with chlorine problems
will be useful in determining where dechlorination should be
implemented.
Based on Figures 1 and 2 in Appendix 3:
o The approximate capital costs of installing dechlorination:
in 73 U.S. plants will be
in 43 Ontario plants will be
$16.0 million;
7.8 million.
0 The annual operation costs of dechlorination:
in 73 U.S. plants will be $3.8 million for year-round
operation and $2.9 million on a seasonal basis;
in 43 Ontario plants will be $1.5 million per year on a
seasonal basis.1
Effects on aquatic life will be reduced by an unknown extent and no
change will result in health risks.
1In both countries the costs of dechlorination were estimated only for
plants between 5,000 and 1 million m3/d design capacity or actual flow with
the exception of Detroit for which the costs of the 1,000,000 M3/D plant
were multiplied by 3.
These U.S. estimates are, therefore, likely to be an
overestimate of the actual cost.
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Strategies
The
stra
tegi
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d an
d ev
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ted
in t
his
chap
ter
were
conc
erne
d
primarily with existing sewage treatment plants. Where new or substantially
expanded plants are being planned and designed, there would appear to be
greater flexibility and scope for:
incorporating non—chlorine disinfection technologies;
incorporating a higher level of treatment;
incorporating diffusers and
significant changes in the institutional organization and management
of these plants to achieve greater effectiveness, efficiency and
reduced costs.
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obtain something he needs such as approval or a licence; he may gain
satisfaction or prestige; he may win an election. 0n the other hand, people
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 APPENDIX 1
POWER PLANTS LOCATED ON THE GREAT LAKES
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TABLE l—l
CANADIAN (ONTARIO) POWER PLANTS LOCATED ON THE GREAT LAKES
 
PLANT
LOCATION RECEIVING
HATER
ANTI-FOULING
PRACTICE
 
AMOUNTS 0F CHLORINE
USED RESIDUALS
(kg) (kg)
COMMENTS
Thermal Generating Stations
Thunder Bay
Hearn
Lakeview
Lambton
Nanticoke
Lennox
Thunder Bay,
Ontario
Toronto Harbour
Toronto
Windsor
Nuclear Generating Stations
Douglas Point
Bruce Heavy
Hater Plant
Bruce A
Pickering A Pickering
 
Lake Superior
Lake Ontario
Lake Ontario
St. Clair River
Lake Erie
Lake Ontario
Lﬂelmrm
Lak e Huron
Lake Huron
Lake Erie
Chlorination
Chlorination
Chlorination
Chlorination
Not needed
Not needed
Not needed
Not needed
Not needed
Not needed
 
49,294 (1977)
10,389 (1977)
5,200 (1978)
13,126 (1977)
6,900 (1978)
6,320 (1977)
&7% 09m)
9,226 (1977)
2,419 (1978)
1,074 (1977)
1,900 (1978)
2,170 (1976)
N/M
N/M
N/M
N/M
N/M
N/M
N/M
N/M
N/M
N/M
  
Reduction from 1977
to 1978 due to
1) reduced operation
of thermal plant
2) reduced chlorina—
tion dosage
Reduction due pri-
marily to reduced
chlorine dosage
Reduction due pri-
marily to reduced
chlorine dosage
Service water only
is chlorinated.
Amertap mechanical
cleaning system has
been installed here.
Not fully tested as
yet, but many opera-
tional problems
encountered
service water
chlorinated
 
N/M = Chlorine residuals apparently not measured.
SOURCE:
Ontario Hydro
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TABLE 1—2
 
UNITED
STATES
POWER
PLANTS
LOCATE
D ON T
HE GRE
AT LAK
ES
 
LAKE SUPERIOR
SOU
RCE
MWe
TOTAL CHLORINE
FLOW 103m3/d
RESIDUAL mg/L
DOS
AGE
FREQUENCY
ANN
UAL
LO
AD
IN
GS
k
g
/
y
e
a
r
 
Upper
Penins
uia Ge
n. Co.
Pres
que
Isle
1—8
Marquette, Michigan
Upper
Penins
uia Po
wer co
.
J.
H.
War
den
1
L'Anse, Michigan
Minnesota Power & Light Co.
M. L. Hibbard
Duiuth, Minnesota
Erie Mining Co.
Taconite
Harbor, M
innesota
Superior
Water, Li
ght & Pow
er Co.
Winsio
w Stat
ion
Winsiow, Wisconsin
Reserve M
ining Cor
p.
Siiver Bay, Minnesota
 
495 mw
'
0.2
‘Tiﬁﬁ?
17.7 MN
0.2
64.1
123 MW
0.2
1,315
250 Mw No C12
398.8
High Water
Qua
Tit
y
28 MW
0.2
54
128 Mw No C12
371.9 High Water
Quaiity
  
3/dx180
3/dx180
3/d
x18
0
3/d
x18
0
 
4,700
250
5,200
210
  
,TABLE
1-2
cont'd.
UNITED
STATES
POWER
PLANTS
LOCATED
ON THE
GREAT
LAKES
 
LAKE
MICHIGAN
ANNUAL
SOURCE
MWe
TOTAL
CHLORINE
DOSAGE
LOADINGS
FLOW
103m3/d
RESIDUAL
mg/L
FREQUENCY
kg/year
Commonwealth Edison Co.
932 NM
0.2
3/dx270
23,300
Waukegan
Generating
Station
3,925
Waukegan,
ITIinois
 
CommonweaIth Edison Co.
972 Mw
0.2
3/dx364
36,200
Stateiine Generating Station
4,526
Hammond,
Indiana
Northern
Indiana
Pub.
Service
Co.
529
Mw
0.2
3/dx270
16,800
MitcheIT
Generating Station
2,826
Gary,
Indiana
_
3
9
-
Northern
Indiana
Pub.
Service
Co.
679
NM
0.2
3/dx270
7,500
Michigan
City
1-3,
12
I,262
CooIing
Tower
Northern
Indiana
Pub.
Service
Co.
‘616
MW
0.2
3/dx270
10,000
BaiTIey Generating
Station
1,676
West Chesterton,
Indiana
Indiana & Michigan
ETectric Co.
2,150 MW
0.1
2/d — 20 min.
<1,000
D. C.
Cook NucIear PIant 1 & 2
8,960
Diffuser
ea. when nec-
Bridgeman, Michigan
essary—none in
1979
Traverse
City
Light
&
Power
33
M
0.2
3/dx270
550
Bayside
1-4
92.7
Traverse
City,
Michigan
         
_
9
0
-
 
TABLE 1-2 cont'd.
UNITED
STATES
POWER
PLANTS
LOCATE
D ON T
HE GRE
AT LAK
ES
 
LAKE MICHIGAN - (Cont'd.)
SOU
RCE
MHe
FLOW 103m3/d
TOTAL
CHLORI
NE
RESIDUAL mg/L
DOS
AGE
FREQUENCY
ANN
UAL
LOAD
INGS
kg/
yea
r
 
Consumer
Power Com
pany
Big Rock
Nuciear P
iant
Charievoi
x, Michig
an
Consumer
Power Com
pany
Cam
pbe
ll
1-2
Burnips, Michigan
Giadstone
Light Uti
iity
Giadst
one 1
& 2
Giadstone, Michigan
Consumer Power Company
Paiisades Nuciear Piant
Paiisades Park, Michigan
Consumer Power Company*
B. C. Cobb
Muskegan, Michigan
Detroit Edison Company
Consumer Power Company
Luding
ton Hy
dro
Ludington
, Michiga
n
72 MN
394
.4
652 MW
1,6
34
6 M
30.3
3
668 MW
7.3
510 MW
2,209
1,850 MW
52.8
 
 
0.2
0.2
0.2
0.2
Coo
iin
g
Tower
0.
04
0.2
 
1/year
3/d
x36
4
3/d
x36
4
3/d
x36
4
3/
dx
27
0
3/dx364
 
0.16
160
58
2,620
4201
 
u T
ABLE 1-2
cont'd.
UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES
 
LAK
E M
ICH
IGA
N -
(Co
nt'
d.)
w
ANNUAL
SOURCE MWe TOTAL CHLORINE DOSAGE LOADINGS
FLOW 103m3/d RESIDUAL mg/L FREQUENCY kg/year
Upper Peninsuia Power Co. 29 MW 0.2 3/dx270 780
Escanaba 1 & 2 132
Escanaba, Michigan
Grand Haven 20 MW 0.2 3/dx270 310
Grand Haven, Michigan 52.84
Manitowac Pubiic Utiiity
70 MW
0.2 3/dx270 740
Manitowac 3-6
124.3
Manitowac, Wisconsin
-
9
1
_
Wisconsin E1ectric Power Co.
310 MW
No 012 since 1975 -
-
Lakeside Generati
ng Station
2,618
Miiwaukee
, Wiscons
in
Wisconsin E1ectric Power 00.
1,692 MW
0.14
T/dx270
9,290
Oak Creek 1-8
6,704
Oak Creek, Wisconsin
 
Wisconsin Electric Power Co.
400 MW
No c12 since 1978
-
Port Washington 1-5
2,997
Port Washington, Wisconsin
Wisconsin Eiectric Power Co.*
200 MW
0.04
2/dx364
173
Vaiiey 1 & 2
163
Mi1waukee, Wisconsin
     
 TABLE 1-2 cont'd.
UNITE
D STA
TES P
OWER
PLANT
S LO
CATED
ON TH
E GRE
AT L
AKES
LAKE MICHIGAN — (Cont'd.)
SOURCE
MWe
FLOW lOama/d
TOTAL CHLORINE
RESIDUAL mg/L
DOS
AGE
FR
EQ
UE
NC
Y
ANNUAL
LO
AD
IN
GS
kg/year
Wisconsin Power & Light Co. 450 MW No C12 since
Edgewater 1-4
1,324
Dec. 1972
Sheboygan
, Wiscons
in
Wisconsin Pubiic
Service Co.
393 MW
0.2
J. P. Pui
iiam 1-8
2,209
Green Bay
, Wiscons
in
_
9
2
_
Commonweaith Edis
on Company
22080 MW
No 012
Zion Nuciear Pian
t 1 & 2
8,343
Amertap
Zion, Iiiinois
Wisconsin Pubiic
Service Co.
535 MW
No 012
Kewaunee
Nuciear S
tation
2,253
Cariton, Wisconsin
Wisconsin Eiectri
c Power Co.
994 MW
No 012
Point Beach Nuciear Station 1 & 2 3,824
Two River
s, Wiscon
sin
    
3/dx364
 
17,700
  
 -
9
3
-
"
T
A
B
L
E
1
—
2
c
o
n
t
'
d
.
UNITED
STATES
POWER
PLANTS
LOCATED
ON THE
GREAT
LAKES
LAKE
HURON
SOURCE
MWe
TOTAL
CHLORINE
FLOW
103m3/d
RESIDUAL
mg/L
DOSAGE
FREQUENCY
ANNUAL
LOADINGS
kg/year
 
Detroit
Edison
Company
Harbor
Beach
Station
Harbor
Beach,
Michigan
Huron
Cement
Aipena,
Michigan
Consumer
Power Company
Karn 1-4
Essexviiie,
Michigan
Consumer Power Company
Weadock Generating Station
Essexviiie, Michigan
121
MW
0.2
489
Dechiorina—
tion
M
0.2
352
1,787
MW
0.04
1,657
Dechiorina-
t
i
o
n
615 Mw
0.04
2,965
Dechiorina-
tion
   
T60
min/dx66
3/dx270
3/dx364
3/dx364
 
7
8
0
2,100
2,650
4,700
 
 
_
g
4
_
 
T
A
B
L
E
1
-
2
c
o
n
t
'
d
.
UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES
 
ST. CLAIR RIVER
SOURCE MWe
TOTAL
CHLORINE
FLOW 103m3/d
RESIDUAL mg/L
DOS
AGE
FREQUENCY
ANNUAL
LO
AD
IN
GS
kg/year
 
Detroit Edison Company
Marysviiie
Marysviiie, Michigan
Detroit Edison Company
St. Clair 1-7
St. CTair, Michigan
200 MW
0.2
1,439
DechTorina—
tion
1,620 MW
0.2
5,2
43
   
160 min/dx156
160 min/dXT65
 
1,133
9,0
71
 
 
 _
g
5
_
" TABLE 1-2 contfd.
UNITED
STATES
POWER
PLANTS
LOCATE
D ON T
HE GRE
AT LAK
ES
DETROI
T RIVE
R
SOU
RCE
MWe
FLOW 103m3/d
-TOTAL CHLORINE
RESIDUAL mg/L
DOS
AGE
FREQUENCY
ANN
UAL
LO
AD
IN
GS
kg/
yea
r
 
Detroit Edison Company
Conner
s Cree
k
Detroit, Michigan
Detroit E
dison Com
pany
Deiray
Detroit,
Michigan
Detroit E
dison Com
pany
Penwalt
River
view,
Michi
gan
Detroi
t Pubi
ic Lig
hting
Mit
ers
ky
1-7
Detroit,
Michigan
Detroit E
dison Com
pany
Rive
r Ro
uge
1-3
Detroit,
Michigan
Detro
it E
dison
Compa
ny
Trento
n Chan
nei
Detroit,
Michigan
Wyandotte Dept. Municipai Service
Wyandotte
2-5 & 7
Wyand
otte,
Michi
gan
 
500 MW
2,951
375 MW
3,2
67
37
MW
76.3
199 MW
59
0
852 MW
2,
46
1
913 MW
1,952
56.5 MW
257
 
0.2
0.
2
0.2
0.2
0.
2
0.2
Dechiorina—
tion
0.
2
 
160 mi
n/dx26
1
160 mi
n/dx24
8
160
min/dx_
3/d
x36
4
160 min/dx226
160 min/dx310
3/d
x36
4
 
72
5
907
4,720
19,700
3
,
1
3
0
2,060
 
  
-
9
6
-
TABLET—2
cont'd.
 
UN
IT
ED
ST
AT
ES
PO
WE
R
PL
AN
TS
LO
CA
TE
D
ON
TH
E
GR
EA
T
LA
KE
S
 
DET
ROI
T R
IVE
R -
(Co
nt'
d.)
SO
UR
CE
MWe
FLOW 1
03m3/d
TOTAL CHLORINE
RES
IDU
AL
mg/
L
DO
SA
GE
FR
EQ
UE
NC
Y
ANN
UAL
LO
AD
IN
GS
k
g
/
y
e
a
r
 
BASF W
yandot
te
No. Works
Wya
ndo
tte
,
Mic
hig
an
BASF W
yandot
te
So.
Wo
rk
s
Wya
ndo
tte
,
Mic
hig
an
(105)
(3
8)
  
0.5
Dec
hio
rin
a—
tion
0.
5
Dec
hTo
rin
a-
ti
on
 
Process
Was
te
Process
Wa
st
e
 
19
,1
00
6,9
20
 
 
« TABLE 1-2 cont'd.
UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES
 
LAKE ERIE
I
ANNUAL
SOURCE
MNe
TOTAL CHLORINE
DOSAGE
LOADINGS
FLON 103m3/d
RESIDUAL mg/L
FREQUENCY
kg/year
-
9
7
—
 
Detroit Edison Company
158 Mw
0.2
Permit
Fermi Station
.
928
160 min/dx___
-
French
Town,
Michigan
Detroit Edison Company
3,000 Mw
0.2
160 min/dx283
54,431
Monroe Generating Station
7,829
Monroe, Michigan
‘
Consumer Power Company
325 Mw
0.04
3/dx270
1,390
Whiting Generating Station
1,167
Dechiorina-
Luna Pier, Michigan
tion
Niagara Mohawk Power Corp.
628 Mw
No 012
-
_
Dunkirk 1-4
2,[82
Dunkirk, New York
Pennsyivania E1ectric
118 Mw
0.5
3/dx364
10,800
Front Street 1-5
538.8
Erie, Pennsyivania
Cieveiand Eiec. Iiiuminating CO.
456 MW
0.2
summer 5 d/wk
2,617
Ashtabuia 1-5
626
winter 2 x/wk
Ashtabula, Ohio
Cleveland Eiec. Iliuminating Co.
1,275 Mw
0.2
summer 2 x/wk
5,283
Avon Lake 1-9
2,494
winter 1 x/wk
Avon
Lake,
Ohio
       
 -
9
8
-
 
TABLE 1-2 cont'd.
UNITED
STATES
POWER
PLANTS
LOCATE
D ON T
HE GRE
AT LAK
ES
LAKE ERIE - (Cont'd.)
SOU
RCE
MWe
FLOW 103m3/d
T
O
T
A
L
C
H
L
O
R
I
N
E
D
O
S
A
G
E
RESIDUAL mg/L
FREQUENCY
ANNUAL
LO
AD
IN
GS
kg/year
 
C1eve
1and
E1ec.
111um
inati
ng Co
.
EastIa
ke 1-5
CIeveI
and E1
ec. Il
iumina
ting C
o.
Lake S
hore 1
4-18
C1eve1and, Ohio
Ohio Edison Company
Edgewa
ter 2-
4
ToTedo Edison Company
Bay
Sho
re
1-4
To1edo Edison Company
Davis Besse I
 
1,252 My
2,494
514 MW
2,1
43
17
5
MW
796
631 MW
2,811
89
0
MW
122.3
 
0-2 summer 2 x/wk
winter 1 x/wk
N0
C12
since
1977
4
0.
2
1/
dx
26
0
at
30
mi
n/
do
se
0.8
4/d
x36
4
0.2
3/dx
364
  
4,596
86
0
101,920
200
 
TABLE 1-2 cont'd.
.0
UNITE
D ST
ATES
POWER
PLANT
S LO
CATED
ON TH
E GRE
AT LA
KES
  
NIA
GAR
A R
IVE
R
SOU
RCE
DOSAGE
FREQUENCY
MNe TOTAL CHLORINE
FLOW 103m
3/d
RESIDUAL
mg/L
ANN
UAL
LO
AD
IN
GS
kg/
yea
r
Niag
ara
Moha
wk P
ower
Corp
.
C. R.
HuntT
ey 6
3—68
Tonaw
anda,
New Y
ork
836 MW No C12 since Nov. -
2, 16
1979
     
TABLE
1-2
-cont1d.
UNITED STATES POWER PLANTS LOCATED ON THE GREAT LAKES
 
LAKE
ONTARIO
ANNUAL
SOURCE Mwe TOTAL CHLORINE DOSAGE LOADINGS
FLOW 103m3/d
RESIDUAL mg/L
FREQUENCY
kg/year
-
T
O
O
-
Niagara Mohawk Power Corp.
641.8 Mw
No C12
-
-
Nine Mile Point 1 NucTear Station
1,364
Sodus Point, New York (No. 2 under
constr
uction
)
Niagar
a Moha
wk Pow
er Cor
p.
2,156
Mw
No €12
_
_
Oswego 1—
6, Oswego
, New Yo
rk
4,482
Power Aut
hority of
New York
821 MW
No 012
-
-
J. A. Fitzpatrick 1 NucTear Station 2,018 1
Rochester Gas & Elec. Corp. 490 Mw <0.5 3/d @ 30 min. 3,545
R. E. Ginna 1 NucTear Station 2,182
l/wk
Ontario, New York
Avg.)
Z/d @ 30
min.
640
Rochester Gas & ETec. Corp. 253 Mw 0.3 (
0 5 (Max.
)
1/wk
Russei] 1-4
. 655
Rochester, New York
     
*Indirect Discharger
1Hydro — Misc. COOTing Systems onTy
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 functional stability and reliability of the residual analyzer decreases
considerably as effluent quality deteriorates. Consequently, either excessive
chlorine or insufficient chlorine may be dosed a large part of the time,
thereby exceeding the objective and endangering fish species in the receiving
stream with high chlorine residuals or endangering the public health at nearby
bathing beaches because of inadequate disinfection.
There is a large gap betWeen theoretical aspects of chlorine technology
and actual practice. Most recent publications profess the necessity of
adequate mixing and long contact times for chlorine to be effective, yet
chlorination systems are still being designed with unbaffled rectangular or
circular contact tanks which suffer from severe short circuiting problems.
Often poor dosage control is provided and operators are not properly trained
in the routine measurement and maintenance procedures.
The fish toxicity problem is more serious with chlorine than with the
alternatives. However, sufficient evidence exists to demonstrate
unequivocally that sulphur dioxidedechlorination can completely eliminate
chlorine toxicity. Problems of reliability and added complexity, however, do
not make it a fail-safe technology.
OZONE
Technologically, ozone is farther along than any of the alternatives from
the standpoint of equipment development. It has several attractive features:
it is a good virucide; ozonated effluent is not toxic to fish; it has not been
demonstrated to result in the formation of toxic by-products and it imparts a
high dissolved oxygen level to the treated effluent.
The two major problems with ozone disinfection are the likely requirement
for prior suspended solids removal and high capital and operating costs.
Equipment reliability is still unproven in North America. Control
instrumentation is expensive and subject to close operator attention.. Dose
control technology is underdeveloped because of the lack of a reliable method
of residual measurement. Finally, because of the complexity of the primary
and ancillary equipment, considerable operator training is required if
cost-effectiveness is desired.
ULTRAVIOLET LIGHT
Ultraviolet is becoming more attractive as time progresses. Many of the
design problems that have plagued ultraviolet in the past, i.e. lack of
adequate means of cleaning the quartz sleeves, ineffective lamp placement and
inadequate dose control appear to be near the resolution stage.
The major
problems still facing ultraviolet are the lack of a reliable method of
measuring dose and the unreliability of ultraviolet intensity sensors.
The advantages are:
(1) ultraviolet is a good virucide; (2) ultraviolet,
being a physical agent, imparts no toxic residual; (3) ultraviolet has not
been shown to affect significantly the non-volatile organic components of
wastewater effluents and (4) equipment is very simple and easily maintained.
The only major full-scale demonstration of ultraviolet disinfection was made
at Northwest Bergen County, New Jersey. The effluent treated was a
conventional activated sludge effluent of unusually high quality.
Cost
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Chlorination
DESCRIPTION OF PROCESS
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dosage applied. Acute toxicities to test fish were reduced as much as
3.5-fold, in accordance with the lower chlorine residual in the optimized
system. Thus, it appears that considerable savings in the use, and therefore
the costs, of chlorine and substantial reductions in the potential for
chlorine-induced fish toxicity are possible by upgrading existing facilities
to provide adequate flask mixing and plug flow contacting.
EFFECTS OF CHLORINE
1. Practicability
a. New facilities - yes
b. . Old facilities - definitely. However, capital costs may rise if
improved mixing is provided and baffles are installed in the
contactors to increase the L/w ratio.
2. Ability to meet microbiological objectives
a. Yes. Seasonal disinfection coupled with more effective design
should enable achievenent of the coliform objective more
efficiently.
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3. Technology limited by type of treatment plant
a. All disinfectants are limited to some extent by theorganic
quality of the effluent. Chlorine is no exception. If good
mixing and plug flow contacting are provided, the effect of
organic demand will be minimized.
4. Worker safety
a. This is a disadvantage with chlorine technology. Chlorine is a
toxic material and proper safeguards must be undertaken to
protect the working environment.
5. Commercial availability
a. Easily available.
6. Costs
a. Costs will vary, depending on whether liquid chlorine or
hypochlorite is used. In either case, transportation costs will
influence the total cost of the chemical.
b. Costs will be directly affected by the demand of the effluent.
These costs will be minimized with engineering optimization.
c. Assuming a treatment plant size of 5,000 m3/d (1.3 M60), a
chlorine dose of 10 mg/L, a cost of chlorine of $0.4l/kg
($0.185/pound), and a minimum contact time of 30 minutes, the
cost of disinfection is estimated at 1.6¢/1,000 gal. for
materials, 2.2¢/1,000 gal. for operating cost and 1.3¢/1,000
gal. for capital. This gives a total cost of approximately
5.1¢/1,000 gal. (Opatken 1979). Engineering costs are included
in the fixed capital investment figure. Electric power costs
are assumed to be 3¢/Kwh. The total cost figure of 5.l¢/1,000
gal. is expected to be reduced by about 1/3 if seasonal
disinfection is practised.
Chlorination/Dechlorination
 
DESCRIPTION OF PROCESS
Chlorination has already been discussed above and will not be repeated
here. Information used for discussion of dechlorination was taken from Gan
et al. (1979).
A project was funded by the U.S. EPA with the Los Angeles County
Sanitation District to evaluate the cost-effectiveness of dechlorination by
pilot scale testing and full-scale field survey. A questionnaire was mailed
to 31 treatment plants in California practising dechlorination. Results from
the survey indicated that sulphur dioxide is the most widely used
dechlorinating agent in California because of its low cost and ease of
application. The chemical characteristics of the gas have also added to the
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 attraction of the process. Reaction time of sulphur dioxide and free chlorine
or chloramines is very shortso a contact chamber is not needed. By-products
of sulphur dioxide, such as sulphite and chloride, have not been shown toxic
to fish at normal levels encountered in dechlorination.
The questionnaire was divided into three categories: general information,
engineering design information and operational information. A summary of the
responses to the questionnaire is shown in Tables 2-1, 2-2 and 2-3. Some of
the more important findings are given below:
(1) overdosing the chlorinated effluents with sulphur dioxide is
essential to accomplish consistent dechlorination;
(2) excessive overdose of sulphur dioxide can be avoided by using
discrete instruments and alternate methods of feed;
(3) except for the residual chlorine analyzer, the equipment in an
sulphur dioxide feed control system is reliable;
(4) the analyzer is the weakest link in the sulphur dioxide feed system.
Most analyzers manufactured today are incapable of maintaining
calibration in the absence of chlorine and
(5) no significant physical-chemical degradation of the effluent was
found after dechlorination with sulphur dioxide. Depletion of
dissolved oxygen or change in pH was not observed in the pilot
studies at sulphur dioxide dosage to residual chlorine ratio of 2:1.
The most common dosing method used is feed forward control. A chlorine
residual signal (prior to the sulphur dioxide injection point) and a flow
proportional signal are fed to the sulphonator. These two signals are
combined into a product signal through an electronic multiplier before feeding
to the sulphonator. This is done to avoid having to overdose the chlorinated
effluent with sulphur dioxide.
Alternative methods have been devised to improve perfOrmance. In
alternative No. 1, a two-stage method of dechlorination is used. Analyzer No.
1 instructs sulphonator No. 1 to dechlorinate to a 10:1 ratio of the discharge
limit. The analyzer performs best within a 10:1 setting. Calibration is
maintained because of the continuous presence of chlorine residual in the
effluent. Sulphonator No. 2 is then used to remove the remaining residual
chlorine. Because the total residual chlorine has been reduced to 1 mg/L or
less in the first state, excessive overdose of the sulphur dioxide with
sulphonator No. 2 is avoided.
In alternative No. 2 a biased residual chlorine signal is sent through the
analyzer to keep it in calibration. A feedback residual signal from the
dechlorinated effluent greater than the biased signal signifies incomplete
dechlorination. The sulphur dioxide is paced to dose proportional to any
signal greater than the biased signal.
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 TABLE 2-1
PROFILE OF DECHLORINATION FACILITIES
IN SURVEY (1977)
PERCENT OF TOTAL
   
DESCRIPTION RESPONSES*
(a) Startup date of dechlorination facilities
- Before January, 1976 38.7
- After January, 1976 61.3
(b) Type of treatment preceding dechlorination
- Primary 9.7
- Secondary 83.9
— Tertiary 6.4
(c) Average daily plant flow
- Less'than 2.3x10"m3/d (6 MGD) 68.0
- 6 to 10 M60 2.3x10“ to 3.8x10“m3/d
- (6—10 MGD) 16.0
- Greater than 3.8x10“m3/d (10 MGD) 16.0
(d) Sulphur dioxide capacity
- 0 to 45.4 kg/d (0 to 100 lbs/day) 12.9
- 45.8 to 227 kg/d (101 to 500 lbs/day) 35.5
- G
rea
ter
tha
n 2
27
kg/
d (
500
lbs/
day)
51.
6
(e) Total coliform discharge standard
- L
ess
tha
n o
r e
qual
to
2.2
/10
0 m
L
22.
6
- Less than or equal to 23/100 mL 16.1
- L
ess
tha
n o
r e
qua
l t
o 1
00/
100
mL
9.7
- L
ess
tha
n o
r e
qual
to
240
/10
0 m
L
41.
9
- O
the
rs
9.7
(f) Total residual chlorine discharge standard
- 0
58.
1
— L
ess
tha
n o
r e
qual
to
0.1
mg/
L
29.
0
- Greater than 2 mg/L 12.9
  
* Based on 31 respondents.
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 TABLE 2-2
ENGINEERING DESIGN INFORMATION 0F DECHLORINATION FACILITIES
IN SURVEY (1977)
PERCENT OF TOTAL
  
DESCRIPTION RESPONSES*
(a) Type of feed control system
— Feedforward 87.1
— Feedback 9.7
- Feedforward and feedback 3.2
- Flow paced 27.4
- Residual control 27.4
— Flow and residual controls 45.2
- Pneumatic flow signal 6.5
- Electronic flow signal 93.5
- Pneumatic dosage signal 9.7
- Electric dosage signal 90.3
- Gap residual controller 16.1
- Proportional and reset controller 25.8
- None 58.1
- With multiplier 35.5
- Without multiplier 64.5
— With adjustable slope factor 9.6
— Without adjustable slope factor 90.4
(b) Contacting method
- $02 injected in mixing chamber 32.3
— $02 injected in outfall pipe 67.7
- Reaeration provided after dechlorination 3.2
- Reaeration not necessary after dechlorination 96.8
- pH adjustment provided after dechlorination 3.2
- Others 12.9
*Based on 31 respondents.
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 TABLE 2—3
OPERATIONAL INFORMATION 0F DECHLORINATION FACILITIES
IN SURVEY (1977)
 
PERCENT OF TOTAL
DESCRIPTION RESPONSES*
(a) Is dechTorination system operated24-hrs. daiTy?
- Yes 93.
-No 6
U
1
0
1
(b) What is the desirabIe SOZ:C12 ratio emp10yed?
— 1 or less 74.2
- greater than 1 25.8
(c) Is overdosing necessary to meet standard?
— Yes 87.
— No 12.
O
H
(d) Is 502 feed contro] system reliabTe?
- Yes 58.1
~ No 41.9
(e) NiTT system handIe drastic f1uctuation of residua]
ch10rine?
- Y
es
50.
0
— N
o
50.
0
(f) Is bio]ogica1 aftergrowth observed after
dechTorination?
- Y
es
6.5
- N
o
93.
5
 
*Based on 31 respondents.
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 The simple feed forward control system is adequate for most dechlorination
installations.
of controls.
necessary to accomplish disinfection.
factor in large dechlorination installations.
It requires a small capital investment and offers simplicity
Its main disadvantage is that sulphur dioxide overdosing is
Overdosing cost may be a significant
The alternate sulphur dioxide
feed
cont
rol
syst
ems
woul
d r
educ
e th
e su
lphu
r di
oxid
e ov
erdo
se r
equi
reme
nt
and
hence the operating chemical cost.
Cost
s of
dech
lori
nati
on b
y su
lphu
r di
oxid
e,
acti
vate
d ca
rbon
and
hold
ing
lagoons are summarized in Table 2-4.
clearly the most cost-effective method presently in use.
For small treatment plants, addition of the control instrumentation and
feed
ing
equi
pmen
t,
alon
g wi
th t
he s
afet
y pr
ecau
tion
s in
dige
nous
to h
andl
ing
of
liquified gases may not justify dechlorination by sulphur dioxide.
dechlorination by liquid feeding, using sodium sulphite or metabisulphite with
manual feed control would probably be the more economical, albeit less
efficient, method of dechlorination.
probably be the rule rather than the exception, but the California experience
indicates little likelihood of pH or dissolved oxygen degradation.
a savings in instrumentation, equipment and labor by not dechlorinating with
sulphur dioxide would be partially offset by the added cost of the liquid
reducing agent.
Sulphur dioxide dechlorination is
Rather,
In this case, over—dechlorination would
Naturally,
 
EFFECTS OF CHLORINATION/DECHLORINATION
1. Practicability
a.
b.
New facilities - yes
Old facilities - yes. Additional equipment needed would include
a chlorinator (used as a sulphonator), a continuous chlorine
residual analyzer, piping and a good mixer.
2. Ability to meet microbiological objectives
a.
3. Technology limited to type of treatment plant
a.
Probably. Gan gt al. (1979) found that within 10 minutes '
following application of sulphur dioxide to chlorinated
effluent, an increase of 1.5 to 2.5 log units in the total
coliform population occurred. This "after growth" phenomenon
was traced to contamination in the form of slime on the sides of
the steel chamber used to simulate a receiving stream. A slight
increase in the fecal coliform and total plate count populations
(about 0.5 log unit) was also observed, whereas no change in the
fecal streptococci population occurred. It is believed that the
microbial increase shortly after dechlorination, confined
predominantly to the total coliform population, does not evoke
much sanitary significance.
No.
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 TABLE 2-4
C
O
S
T
E
S
T
I
M
A
T
E
S
F
O
R
A
3
8
,
0
0
0
m
3
/
d
(
1
0
M
8
0
)
AC
TI
VA
TE
D
SL
UD
GE
DE
CH
LO
RI
NA
TI
ON
FA
CI
LI
TY
 
D
E
C
H
L
O
R
I
N
A
T
I
O
N
PROCESS
CAPITAL COST
¢/3.8m3
(
¢
/
1
,
0
0
0
g
a
T
.
)
OPERATING COST
¢/3.8m3
(
¢
/
1
,
0
0
0
g
a
T
.
)
TOTAL COST
¢/3.8m3
(
¢
/
T
,
O
O
O
g
a
T
.
)
 
Squhur Dioxide
Activated Carbon
HOTding Pond
0.4
2.3
5.4
  
1.3
10.5
0.4
 
1.7
12.8
5.8
From Gan et a1. (1979), p. 46.
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 4. Worker safety
a. Sulphur dioxide is an irritating, pungent toxic gas requiring
care in handling. The same safety precautions applying to
chlorine can also apply to sulphur dioxide.
5. Commercial availability
a. Easily available.
6. Costs
a. Cost estimates for dechlorination by sulphur dioxide were made
by Gan et al. (1979). In deriving the costs, it was assumed
that the treatment plant capacity was 38,000 m3/d (10 MGD)
with 5.0 mg/L total residual chlorine to be dechlorinated. The
residual chlorine concentration was based on a requirement to
meet the State of California's coliform standard of 2.2 total
coliforms/lOO mL. Amortization was assumed to be 15 years at an
annual interest rate of 8 percent. The costs were calculated to
be 0.4¢/1,000 gal. for capital and 1.3¢/1,000 gal. for
operating, giving a total cost of approximately I.7¢/1,000 gal.
This is likely to be an overestimate, since to meet the
recommended microbiological objective for the Great Lakes,
considerably less chlorine residual will be present.
 
Ultraviolet Light
DESCRIPTION OF PROCESS
Ultraviolet light is electromagnetic radiation of wavelength shorter than
300 nm. The microbiocidal effects in the ultraviolet region are at a maximum
at a wavelength of approximately 260 nm. The lethal effect of ultraviolet
radiation derives from the fact that living matter contains molecules that
absorb radiant energy. Nucleic acids and proteins, the prime constituents of
living matter, have structures which permit strong absorption of the
ultraviolet energy. The photochemical changes produced as a result of that
absorption may be reversible or irreversible, depending on the quantity of
energy absorbed.
Low pressure mercury vapour lamps available on the market today emit most
of their light energy at a wavelength of 254 nm, very close to the peak
germicidal wavelength. Ultraviolet light does not penetrate very far through
water and even less through wastewater because of the presence of ultraviolet
absorbing materials. The intensity of ultraviolet light is conventionally
expressed in terms of microwatts/cmz. The actual dosage of ultraviolet
would be the product of intensity and contact time (microwatt-sec/cmz). The
applied intensity may be derived from the expression:
-114—
 1/10 = e-a d
where 10 = incident intensity, i.e. the intensity of the
radiation entering the medium
I = the intensity of the radiation after traversing
distance d through the medium
d = distance traversed through the medium (cm)
a = absorption coefficient of the medium (l/cm)
The absorption coefficient is the fraction of radiation absorbed by the
medium and is characteristic of the medium only. The higher the a, the
shor
ter
the
dist
ance
the
ultr
avio
let
ligh
t ca
n pe
netr
ate.
The
tran
smit
tanc
e,
I/Io, of ultraviolet is a function of d, the distance traversed. Thus, it
is i
mpor
tant
to k
eep
this
dist
ance
mini
mal,
espe
cial
ly i
n hi
gh a
bsor
banc
e
media such as wastewater effluent. '
The main thrust in ultraviolet disinfection research until recently has
been in the application to the sterilization of waters having a high
ultr
avio
let
tran
smis
sion
, s
peci
fica
lly,
pota
ble
wate
rs.
Its
appl
icat
ion
to
wast
ewat
er
effl
uent
s ha
d no
t be
en p
ursu
ed
to a
grea
t de
gree
due
to t
he
phys
ical
prob
lems
asso
ciat
ed w
ith
obta
inin
g an
effi
cien
t ex
posu
re s
yste
m.
Soli
ds s
uspe
nded
in t
he l
iqui
d ab
sorb
or s
catt
er t
he u
ltra
viol
et r
adia
tion
,
ther
eby
atte
nuat
ing
it,
and
high
abso
rban
ces
enco
unte
red
in w
aste
wate
r
effluent have established a need for higher doses.
A p
roj
ect
has
bee
n f
und
ed
by
the
U.S
.
EPA
wit
h
the
Nor
thw
est
Ber
gen
Cou
nty
Sew
er
Aut
hor
ity
in
Wal
dwi
ck,
New
Jer
sey
,
to
eva
lua
te
the
cos
t e
ffe
cti
ven
ess
of
ult
rav
iol
et
dis
inf
ect
ion
und
er
ful
l-s
cal
e o
per
ati
ng
con
dit
ion
s.
The
ult
rav
iol
et
uni
t b
ein
g u
sed
is
a p
rot
oty
pe
sys
tem
hou
sin
g 4
00
ult
rav
iol
et
lam
ps
sit
uat
ed
per
pen
dic
ula
r t
o t
he
flo
w o
f t
he
was
tew
ate
r.
The
ove
ral
l
dim
ens
ion
s o
f t
he
uni
t a
re
76
x 7
6 x
142
cm
(3
x 3
x
6 ft
.)
wit
h a
voi
d v
olu
me
of
0.6
3 m
3 (
22.
2 f
t.3
).
Hea
dlo
ss
is
est
ima
ted
at
15
cm
(6
in.)
at
a f
low
rat
e o
f 2
1,0
00
m3/
d (
5.5
M60
).
The
ult
rav
iol
et
lam
ps
are
shi
eld
ed
fro
m t
he
wat
er
by
qua
rtz
sle
eve
s.
The
sle
eve
s
are
cle
ane
d b
y a
mec
han
ica
l w
ipe
r
mec
han
ism
com
pri
sed
of
rep
lac
eab
le
ela
sto
mer
ic
gla
nds
fit
ted
aro
und
eac
h o
f
the
qua
rtz
tub
es.
The
wip
ers
are
cab
le
dri
ven
by
a p
neu
mat
ic
cyl
ind
er
at
a
var
iab
le
str
oke
rat
e.
A u
niq
ue
fea
tur
e o
f t
he
ult
rav
iol
et
uni
t i
s t
he
uti
liz
ati
on
of
the
"th
in
fil
m"
con
cep
t,
whi
ch
is
ind
uce
d b
y t
he
spa
cin
g o
f t
he
lamp
s.
The
nom
ina
l l
iqu
id
fil
m t
hic
kne
ss
is 0
.6
cm
(0.2
5 i
n.).
The
ult
rav
iol
et
lam
ps
are
142
cm
(6
ft.
),
85-
wat
t
lam
ps
wit
h
an
out
put
of
30
wat
ts
in the germicidal range.
The
Nor
thw
est
Ber
gen
Cou
nty
Wat
er
Pol
lut
ion
Con
tro
l P
lan
t i
s a
con
ven
tio
nal
air
act
iva
ted
slu
dge
pla
nt
wit
h
a d
esi
gn
cap
aci
ty
of
30,
000
ma/
d (
8 M
GD)
and
a c
urr
ent
ave
rag
e y
ear
ly
flo
w o
f a
ppr
oxi
mat
ely
18,
900
m3/
d
(5
M00
).
Inf
lue
nt
raw
was
tew
ate
r
is
ent
ire
ly
dom
est
ic
in
ori
gin
.
The
tre
atm
ent
pla
nt
is
a m
ode
rn,
eff
ici
ent
fac
ili
ty
dis
cha
rgi
ng
a w
ell
-tr
eat
ed
secondary effluent to a quality water stream.
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Results to date indicate that the thin film, gravity flow disinfection
unit has provided effective treatment with low maintenance over a seven to
eight month period.
It is flexible
in its operation and mechanically simple.
The wiper mechanism has had approximately 4,500 hours continuous operation
with no apparent degradation in cleaning efficiency.
Design nomographs were
developed from regression curves
of log surviving fecal coliform fraction
verus
log dose.
The dose figure was defined by Scheible et al.
(1979)
as
 
applied germicidal
power (Kw) divided by flow rate
(ma/s).
If the expected
influent fecal coliform density is 105/100 mL, the germicidal
power
requirement
is estimated at 18 Kw to achieve an effluent fecal
coliform
density of <200/100 mL.
Using lamps with a germicidal
output of 30 w per
lamp, the
implied lamp requirement would be 600.
Similarly,
assuming a total
power consumption of 110 w per lamp, the total power application becomes 66
KM.
The assumption of a linear relationship
in log surviving fraction with
log
dose
induces
a sensitivity
of
the system
designto
influent
coliform
densities
(or
effluent
coliform
requirements).
Single
log
increments
in
influent density levels
(or effluent density requirements)
will
affect system
design requirements by a factor between 3 and 3.5.
Based
on
the above
discussion,
for
a 30,000 m3/d
(8 MGD)
plant,
the
equipment purchase cost would be $240,000.
Operating costs are estimated at
$30,000/year, while total yearly costs (assuming 20-year amortization
at
6-5/8%
interest
rate)
amount
to
$50,000.
Unitary cost
estimates
based on
the
design
nomographs
indicate the
cost
of
ultraviolet
disinfection
is
approximately
1 to
1.4¢/1,000
gal.
(assuming
an
approximate
3-log
coliform
reduction).
It should
be
emphasized
that
these are
only
preliminary
estimates
and may
change
as more
performance
data
are gathered.
EFFECTS OF ULTRAVIOLET DISINFECTION
1. Practicability
a. New facilities - yes.
b.
Old
facilities
- yes.
The
ultraviolet
unit
at
Northwest
Bergen
County
was
simply
lowered
into
a
specially
fabricated
concrete
support
structure
located
at
the
head
end
of
a
chlorine
contact
chamber.
Thus,
retrofitting
the
equipment
was
relatively
simple.
2.
Ability
to
meet
microbiological
objectives
a.
Yes.
However,
the
ultraviolet
unit
at
Northwest
Bergen
County
has
not
been
challenged
yet
by
organic
or
microbial
degradation,
so
the
effects
of
a
poorer
quality
effluent
are
still
unknown.
3.
Technology
limited
by type
of
treatment
plant
a.
It
has
been
assumed
in
the
past
that
a
higher
than
average
quality
effluent
is
needed
if
ultraviolet
is
to
be
feasible.
The
veracity
of
this
statement
still
needs
to
be
confirmed
or
disproven,
but
evidence
indicates
that
high
level
of
treatment
may
no
longer
be
the
prerequisite
for
ultraviolet
to
be
effective.
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4. Worker safety
a. Since ultraviolet is a physical agent and generated on-site, no
special safety precautions are needed.
5. Commercially available
a. Yes.
6. Costs
a.
Costs were already discussed above.
Ultraviolet light appears
to be competitive with chlorine at this time.
However, a more
complete analysis will be forthcoming within six to eight months.
Ozone Disinfection
DESCRIPTION OF PROCESS
Ozone is a potent oxidizing agent and its reaction with oxidizable
materials is relatively non-selective.
It is a good virucide; it is non-toxic
to aquatic life; its reaction end product is dissolved oxygen and it has not
been found to produce organic compounds potentially hazardous to man or other
life forms.
However, because it is generated on-site by electrical energy, it
is a relatively expensive chemical.
Ozone generating equipment is capital
intensive and its operating costs are high.
Any process development which
offers promise in reducing the overall costs of ozonation will accelerate its
acceptability as a feasible alternative to chlorine.
Because of the potent oxidizing ability of ozone, the demand exerted by
organic matter in effluents can have a marked influence on its disinfection
efficiency and reliability.
Care must
beexercised in making certain that the
ozone produced is utilized in the most efficient manner, otherwise the
operating costs of ozonation may be needlessly high due to excessive use of
energy resources.
In—depth evaluations of gas—liquid contacting devices are
being conducted in an in-house research effort of the U.S. EPA, Cincinnati,
Ohio (Venosa, et al. 1979 and Venosa, et al. 1978).
To date, five
generic-type contactors have been evaluated for ozone utilization and
disinfection efficiency:
packed column, jet scrubber, positive pressure
injector, bubble diffuser and turbine reactor.
The bubble diffuser reactor
appears to be the most efficient contactor both from a mass transfer
standpoint and a disinfection standpoint.
 
It is important to understand the fundamental relationships between ozone
concentration and gas/liquid flow rates and to differentiate between applied
ozone dose and absorbed ozone dose.
The following relationships are given:
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 1.
Applied Ozone Dose (D)
(1)
D = Y1 (QG/QL)
where Y1 = ozone concentration in carrier gas,
m9 O3/9’gas
09 = carrier gas flow rate, lgas/min
QL = liquid flow rate, liiq/min
By
inspection
of
equation
(1),
it
is
clear
that
the
applied
ozone
dose
can
be
varied
either
by
changing
the
ozone
concentration
in
the
inlet
carrier
gas
(Y1) or by changing the Qs/QL ratio.
2.
Percent
Ozone
Utilization
(%U)
(2)
%U = Y; - Y2 (100)
T
where
Y2
=
concentration
of
ozone
in
the
gas
leaving
the contactor, mg 03/2,gas
3.
Ozone
Utilization
(Absorbed
Dose)
U
(3)
U
Applied
Dose
x
Fraction
Utilized
Y1 (QG/QL) (Y1 - Y2)
Y1
QG/QL (Y1 - Y2)
Scaccia
and
Rosen
(1977)
found
that
equivalent
disinfection
will
be
achieved
at
substantially
the
same
utilized
ozone
dose,
independent
of
contactor
type
studied.
Venosa
et
al.
(1979)
confirmed
that
finding,
using
filtered
secondary
effluent.
They
found
a
highly
significant
correlation
between
log
coliform
reduction
and
log
ozone
utilization
(equation
3),
independent
of
contactor
type.
It
should
be
emphasized
that
the
effluent
quality
was
good
and
did
not
vary
appreciably
from
day
to
day.
However,
they
also
found
that
equivalent
absorbed
doses,
i.e.
utilization
necessary
to
achieve
a
given
bacteriological
standard
may
not
be
possible
in
some
contactors,
especially
if
ozone
is
generated
from
air.
The
reason
for
this
is
that,
if
D
is
increased
by
increasing
Qe/QL
(equation
1),
the
percentage
of
ozone
utilization
(equation
2)
decreases
because
of
the
resulting
higher
Y2.
Consequently,
ozone
utilization
may
either
increase,
remain
the
same
or
actually
decrease
with
an
increase
in
D.
The
magnitude
of
the
change
in
absorbed
dose
is
determined
by
the contactor
design.
The
rate
of
increase
in
U
in
the
bubble
diffuser
was
significantly
higher
than
that
in
either
the
packed
column
or
positive
pressure
injector.
Thus,
to
achieve
a
consistent
3.3
log
reduction
in
either
total
or
fecal
coliforms,
a
minimum
of
4.0
mg/L
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ozone must be absorbed (high quality, filtered secondary effluent). Only the
bubble diffuser was capable of efficiently absorbing that quantity of ozone.
This points out the need for optimizing gas-liquid contacting.
Opatken (1979) conducted an extensive economic analysis of ozone
disinfection, based on the results presented above. His assumptions were: a
plant size of 5,000 m3/d (1.3 M60), 5.0 mg/L ozone utilization (1.0 mg/L
more than the 4.0 mg/L reported in the above study, as a safety factor), an
ozone concentration in the inlet carrier gas (Y1) of 10 mg/L
(approximately 0.8 weight percent), the cost of power at 3¢/Kwh and fixed
capital investment (FCI) amortized over 20 years at 7% interest rate.
Included in the fixed capital investment estimate was engineering cost (20% of
' the F01). The capital cost was based on the price paid for the pilot scale
ozone generator, scaled up to the 5,000 m3/d (1.3 M00) capacity. Six
categories were included in the operating cost estimate: (1) utility cost
(cost of compression and regeneration of the carrier gas, cost of ozone
generation Egg se and the cost of cooling), (2) operating labor (1/2 man
year); (3) repair labor (1% FCI); (4) supervision 15% (CL + RL); (5) repair
materials (1% F01) and (6) supplies 10% (UL + RL + supv.).
Included in
overhead cost were insurance (1% FCI) and amortization.
The total cost of
ozone disinfection was computed to be approximately 11¢/1,000 gal. (8.1¢ for
ozone, 2.1¢ for operating cost and 0.9¢ for overhead).
This is approximately
twice the cost of the chlorine disinfection reported earlier.
EFFECTS OF OZONE
l. Practicability
a. New facilities. Yes
b.
Old facilities.
Questionable.
The highest percentage of the
total cost of ozone disinfection is the cost of ozone itself,
i.e. capital. If an existing treatment plant switched over from
chlorine to ozone, the capital expenditure would be
considerable, especially in view of the fact that chlorination
facilities are already existing and being paid for.
2. Ability to meet microbiological objectives
a. Yes
3. Technology limited by type of treatment plant
a.
Possibly.
Recent preliminary evidence from the U.S. EPA ozone
contactor study seems to indicate that filtration may be a
prerequisite for adequate disinfection by ozone. However, if
the suspended solids content of the effluent is already low,
ozone is quite feasible.
4. Worker safety
a. Ozone is a toxic gas. Adequate safeguards, such as an ozone
destruct system to destroy ozone in the exhaust gas and the
residual coming off from the discharging effluent, must be
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 provided
to
protect
the
immediate
working
environment.
However,
since
ozone
is
generated
on-site,
there
are
no
transportation
problems.
Commercially available
a. Easily available.
Costs
a.
Economics
of
ozone
disinfection
were
presented
above.
Chlorine Dioxide Disinfection
DESCRIPTION OF PROCESS
Chlorine
dioxide
(ClOz)
has
been
used
successfully
in
Europe
to
disinfect
water
supplies
and
is
used
extensively
as
a
bleaching
agent
in
the
pulp
and
paper
industry.
With
respect
to
disinfection
wastewater,
C102
has
several
distinguishing
characteristics:
1
it
is
a
strong
oxidant
over
a
broad
pH
range;
it
provides
a
measurable
residual;
4
it
does
not
react
to
yield
trihalomethanes
and
()
()
(3)
it
does
not
react
with
ammonia
to
form
less
effective
chloramines;
()
(>
5
it
is
an
excellent
virucide.
The
two
principal
methods
of
ClOz
manufacture
are
summarized
as
follows (Stevens et al. 1976):
(a)
Chlorine-Chlorite
Process
—
this
is
the
process
most
commonly
used
in
waterworks practice:
2NaCl02
+
C12
‘—‘—-)
+
2
NaCl.
In
practice
the
reaction
is
carried
out
with
a
molar
ratio
of
reactants
of
1:1
to
achieve
a
yield
of
85-90
percent
based
on
the
more
expensive
reagent,
chlorite.
The
reaction
approaches
completion
within
one
minute.
The
usual
reactor
configuration
is
a
ring-packed,
glass
reaction
column.
The
equipment
requirements
are
simple
and
inexpensive,
but
there
is
substantial
chlorine
in
the
product
solution.
Alternative
processes
do
exist
which
are
claimed
to
produce
Cl02
substantially
free
of
chlorine
(<5%
v/v)
but
the
technologies
have
not
been
widely
used.
(b)
Reduction
of
Sodium
Chlorate
-
equimolar
amounts
of
sodium
chlorate,
sodium
chlorite
and
sulphuric
acid
are
mixed
in
a
vessel
where
they
react
according
to
the
following
reaction:
NaC103
+
+
H2501.
—-‘—3
+
+
Nazson
+
H20.
 The yield of the reaction is reported to be approximately 95
percent. In a subsequent absorption step, the ClOz is taken up by water
almost quantitatively, whereas 75 percent of the chlorine passes through, so
that the molar ratio of the ClOz to Clz is approximately 8:1. This is the
process most often used in pulp bleaching. A substantial cost advantage is
claimed by virtue of the lower cost of chlorate compared with chlorite.
However, the reaction is more complex and requires substantially more
sophisticated equipment. Thus, for small treatment plants, the cost advantage
of the chlorate may disappear in the form of higher amortization pay-outs.
Aieta, Chow and Roberts (1970) conducted an in-depth, statistically
designed experiment comparing the bactericidal efficiencies of chlorine and
ClOz on Palo Alto secondary effluent. Their conclusions are summarized below:
(1) both Clz and C102 give decreased survival ratios when dose or
contact time is increased;
(2) although some variations exist, Clz and ClOz give essentially
the same survival ratios when compared on a mass dose basis at
30 minutes contact time;
(3) ClOz is a more rapid disinfecting agent than Clz and
(4) comparing Cl02 and Clz on a residual basis, Cl02 effects the
same microorganism reduction as Clz with a much lower residual
concentration.
When the survival ratio was plotted against residual—time product on a
log—log plot, a straight line relationship resulted. The regression equation
was of the form:
Nt/No = (b (RT)Jk
where
Nt = the number of surviving organisms at time t
N0 = the initial number of organisms
RT = residual-time product (mg-min/l)
b = lag coefficient (mg-min/l)‘1
k = velocity coefficient.
The coefficient b is a relative measure of the lag period between dosing and
the onset of bacterial destruction; the larger the value of b, the shorter the
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 lag time.
The
coefficient
k
is a measure
of the
rate
of kill;
the
larger
the
absolute value of k, the faster the kill.
The regression equation for
Clz was found to be:
Nt/No = (0.17 (RT))'3‘15 (1)
The regression equation for Cl02 was:
Nt/No = (0-64 (RT))‘2'9° (2)
Comparing equations (1) and (2) indicates that the rates of coliform kill were
essentially the
same
for
both
disinfectants.
The major
difference
between
Clz
and
Cl02 was
in the
lag
coefficient,
b.
This
implies
that
for
equal
coliform
reduction,
a higher
residual—time
product
is required
by chlorine
than
by
ClOz.
The
economic
implications
of
the
above
discussion
need
to
be
considered.
It is clear that a shorter contact time is required for disinfection when ClOz
is
used as opposed to Clz at the same residual
concentration.
Thus,
a smaller
contact chamber, or possibly no contact chamber at all, would be required and
a savings
in
capital
cost
would
be realized.
However,
this
saving
may be
offset
by the
higher
chemical
costs
of
ClOz
(on
a mass
basis)
and
a higher
ClOz
dose
required
than
that
for
Clz
to
produce
the
same
residual
concentrations.
The
cost
of
sodium
chlorite
is $1.16/pound
delivered
(minimum
order
220
lbs.,
A
and
S
Chemical
Co.,
New
Jersey)
or
$0.97/lb.
undelivered
(minimum
order
240
100-lb.
drums,
Olin
Chemicals,
Connecticut).
This
is
approximately
5.2
to 6.3
times
the
cost
of
chlorine
and the
advantages
afforded
by
ClOz
would
have
to
far
outweigh
the
added
cost
to
be
considered
seriously
as
a feasible
alternative.
EFFECTS OF Cl02
1. Practicability
a.
Old plants - retrofitting ClOz equipment would be a relatively
simple task,
if the chlorine-chlorite generation process
is
used. Equipment is simple and inexpensive.
b. New plants — yes.
2.
Ability
to meet
microbiological
objectives
a.
Yes, Cl02 is an effective bactericide and an equally effective
virucide.
3.
Technology
limited
by
type
of treatment
plant
a.
Questionable
at
this
time.
ClOz
does
not
react
with
ammonium-nitrogen,
but
because
it
is
an
effective
oxidant,
its
demand
in wastewater
effluent may
be
equal
to
or greater
than
chlorine.
More
data
are
needed
to
establish
its demand
potential.
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 4. Worker safety
a.
If the ClOz is generated by the chlorine-chlorite process, the
problems
indigenous to chlorine handling still
exist.
Sodium
chlorite itself must be handled with care to prevent skin burns
and other
irritations.
If C102
is generated
in sufficient
concentrations, it can be explosive so care must be exercised in
controlling the generation process.
b.
If the ClOz is generated by the acid-chlorate process, problems
indigenous to chlorine and chlorite handling are eliminated,
but
problems indigenous to acid handling become important.
5. Commercially available
a.
The generation equipment
(chlorine-chlorite process)
can be
easily obtained.
Although there are a limited number of
manufacturers marketing sodium chlorite, the chemical should be
fairly easily obtainable.
6.
Aquatic toxicity
i
a.
A study conducted jointly by the Ontario Ministry of the
Environment and Environment Canada (Conn & Cairns 1979)
indicated Cl02 was significantly less toxic to fish than
chlorine.
Although it was not possible to calculate an LCso
because of the volatility of ClCz, the concentration of treated
effluent which was toxic was 330%. The toxicity was removed
with sodium sulphite or proionged holding.
7. Potential for producing hazardous by—products
a. Very low. w
a. At present, the economic outlook for Cl02 disinfection of
wastewater effluent is unfavorable due to the relatively high
cost of sodium chlorite. More data should be available within
one year as progress is made in the U.S. EPA funded project with
Stanford University.
l
l
8.
Costs
l
Bromine Chloride Disinfection
DESCRIPTION OF PROCESS
Bromine chloride, BrCl, is a heavy, fuming, dark red liquid with a sharp,
penetrating odor.
It exists in equilibrium (about 20 percent dissociated)
with molecular bromine and chlorine in both the gas and liquid phase:
2 BrCl;::::! Brz + Clz (1)
It has a lower vapour pressure and higher solubility than chlorine.
However,
it
is
a corrosive
liquid
and must
be handled
with
care.
 
- 123 -
 BrCl hydrolyzes exclusively in dilute aqueous solutions to hypobromous
acid according to the following equation:
BrCl + H20 -—-—) HOBr + HCl (2)
The HOBr species is the active disinfectant. The chemistry of BrCl in water
is similar to chlorine, in that the reactions with ammonia are identical.
However, the bromamines are unstable and dissipate rapidly.
For this reason
bromamines have been found to be almost as effective germicidal agents as HOBr
and much more effective than the chloramines.
HOBr is less ionized in water
than its chlorine counterpart, HOCl.
Thus, it is a more active disinfectant
at higher pH.
Studies in Grandville and Wyoming, Michigan (Ward, et al. 1976 and 1977)
have demonstrated that chlorobrominated secondary effluents are less toxic to
fish life than chlorinated effluents because the unstable bromamine residuals
dissipate more rapidly.
Due to the rapid decay of BrCl (or bromamine)
residual, it is desirable for feed control purposes to measure the halogen
residual using conventional chlorine analysis at a point which represents
about five minutes of contact time after BrCl injection.
The BrCl dosing system at Grandville and Wyoming was frequently under
repair.
The reason was that BrCl,
a liquid, must
be vaporized prior to
injection into the wastewater streams.
The evaporator unit tended to
accumulate solids with time,
thereby blocking flow.
Numerous
attempts to
resolve this problem were made,
but with
little success.
The BrCl
manufacturers presently claim that the problem has been resolved.
If this
is
true,
BrCl disinfection may have some potential
as a viable alternative.
BrCl disinfection suffers from almost the same disadvantages as chlorine
disinfection.
Like chlorine, BrCl must be handled with care to avoid
exposure.
Unlike chlorine, BrCl with the higher boiling point is classified
as a corrosive liquid and not a compressed gas.
The halogenated organics
problem elicits the same concern as with chlorine.
Regarding economics, recent price quotations obtained from Dow Chemical
Company indicate that BrCl costs approximately 30¢/lb. when purchased
in l-ton
cylinders.
This is approximately 60 to 70 percent more than chlorine.
BrCl
dosing and control
equipment is similar to commercial chlorine equipment.
The
main difference is the BrCl vaporizer unit.
Retrofitting an existing plant
with
BrCl
systems
would
be easily
accomplished.
BrCl has several
advantages over
liquid bromine:
BrCl is more soluble;
)
(2) it is less corrosive;
) it has a lower freezing point and
)
it is about 5¢/lb. cheaper.
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EFFECTS OF BrCl
1.
Practicability
a. Old plants - yes.
b. New plants ~ yes.
Ability
to
meet
microbiological
objectives
a.
If
equipment
r
e
l
i
a
b
i
l
i
t
y
can
be
shown
to
be
much
improved
over
past
performance,
BrCl
should
be
q
ui
t
e
able
to
a
c
h
i
e
ve
the
coliform objectives.
Technology
limited
by
type
of
treatment
plant
a. No.
Worker safety
a.
BrCl
suffers
f
r
o
m
the
same
s
a
f
e
t
y
problems
as
chlorine.
C
a
r
e
must
be
exercized
in
handling
the
chemical.
Commercial availability
a.
O
n
l
y
t
h
r
e
e
U
n
i
t
e
d
States
companies
m
a
n
u
f
a
c
t
u
r
e
BrCl:
Dow
Chemical
Company,
Ethyl
Corporation
and
Great
Lakes
Chemical
Company.
However,
source
raw
materials
are
in
plentiful
supply
and
commercial
availability
should
not
be
a
problem.
Aquatic toxicity
a.
Because
BrCl
residual
dissipates
rapidly
with
time,
the
acute
toxicity
problems
of
chlorobrominated
effluents
are
much
lower
than
chlorinated
effluents.
Hazardous
compound
formation
a.
Halogenated
organic
compounds
are
formed
just
as
readily
with
BrCl
as
with
chlorine.
Thus,
no
advantage
is
offered
here.
Costs
a.
Costs
should
be
moderately
higher
than
chlorine,
due
to
the
higher
material
cost.
Compared
with
chlorination/dechlorination
the
costs
are
more
competitive.
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 APPENDIX 3
COST CURVES FOR DECHLORINATION BY SULPHUR DIOXIDE
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 APPENDIX 3
COST ESTIMATES FOR CHEMICAL DECHLORINATION
Construction,
installation and total
annual operating cost curves were
developed for dechlorination with sul hur dioxide at sewage treatment plants
with design capacities in the range of 4.54 x 10m3 to 908 x 103m3 per day.
Total
annual operating cost curves were estimated for both seasonal and year
round operation.
Basic cost elements
and assumptions
are presented
in Table 3-1.
Cost
estimates were
developed for six sewage treatment plants with different design
capacities.
Process design assumptions are detailed
in Tables 3—2 and 3-3.
Estimates of construction,
installation
and annual operating costs are
presented
in
Tables
3-4
and
3-5.
Figures
3-1
and
3~2
were
developed
from
Tables 3—4 and 3-5.
A few
sewage treatment plants
in the Great Lakes Basin have design
capacities beyond the upper end of the range covered by these estimates.
For
these plants,
the unit costs estimated for the
largest plant capacity studied
were extended withoUt assuming any economies or diseconomies of scale.
Results
were
incorporated
into
the
global
estimates
for
retrofitting
dechlorination
to
all
relevant
plants
in the
Basin.
At
some
plants
with
capacities near or below the
lower end of the range covered, prolonged storage
(16-24
hrs.)
may
be
a
more
cost-effective
method
of
eliminating
chlorine
residues.
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 TABLE 3-1
COST ELEMENTS AND ASSUMPTIONS
CONSTRUCTION COSTS
Cost Elements:
Sulphonation equipment including installation.
Sulphonation building/receiving facilities.
Mixing chamber including equipment installation.
Yard piping/yard electrical. '
Legal, administrative, engineering.
Site supervision, mobilization.
Assumptions for Construction Costs in Tables 3-3 and 3-4
 
H
v
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O
Costs are developed exclusive of standby equipment.
Concrete and excavation ~ $150/yd.3 of installed concrete.
Sulphonation equipment — vendors prices
Sulphonation equipment installed
Equipment costs x 2.5 - includes all electrical and piping.
Mixers - Vendors' Prices°
Mixers installed vendors' price x 2, including associated electrical
costs.
Building, superstructures including heating, ventilating, lighting
$50-60 per ft.2 of floor area.
Yard piping electrical 50% of basic sulphonation equipment price.
Rail Spurs - $80/per tract foot - installed, including appurtenances.
Total construction cost (allowing for site mobilization, supervision,
legal, administrative and engineering) is 1.3 x Base Cost. Base cost
includes those for direct purchase and installation of items a-e above.
OPERATING COSTS
Cost Elements:
a)
b)
c)
Amortization d)
Power e)
Sulphur Dioxide
Labour
Maintenance Material
Assumptions for Operating Costs in Tables 3-3 to 3-5
1)
2)
3)
4)
Amortization 8% interest/20 year term..
Power costs 3¢/Kwh.
Sulphur Dioxide cost (including demurrage, transport)
150 lb. cylinder - $920/tonne
2,000 lb. cylinder - $520/tonne
Railcars _ — $170/tonne
Maintenance and operating labour $100/per 8 hour working day.
Labour
allowance ranges between 36 and 180 man-days/year for smallest and
largest sewage treatment plants.
Seasonal dechlorination implies operation over six contiguous months
in each calendar year.
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 TABLE 3—2
PROCESS DESIGN ASSUMPTIONS - DECHLORINATION SYSTEMS -
' SULPHONATION EQUIPMENT
SEWAGE
TREATMENT
$02
PLANT
ANNUAL
# 0F SULPHON-
# 0F
DESIGN 502 DOS NS RATES CONSUMP- $02 STREAMS ATDR/ # 0F S02 CYLINDER
SOLU—
CAPACITY AVERAGE PEAK TIDN DOSED AND DESUL- EDUCTOR ANALYZER HEIGH
# 0F S02 TION
1,000 Ma/D KG/D KG/D (TONNES) FROM FONATORS CAPACITY CONTROLLERS1 SCALES HOIST EVAPORATORS PUMPS OTHER
 
4.54 4.54 11.35 1.7 150 #
1 ' 475
1
DuaT -
-
1 -
cyT.
150 #
22.70 22
55
8.0 150 f
1
475
1
DuaT -
-
1 -
cyT.
150 #
;
45.4 45.4 113.5 16.5 1 ton
1
475
1
1 ten 1 ton
-
1 -
‘
cyT.
—
1
3
3
—
227 227 567.5 82.9 raiTcar 1 1,900
1 - -
- - Railspur -
200 Tinea! feet
454 454 1,135 165.8 railcar 2 2 x 1,900 2 — -
1 l of track,
access
908 908 2,270 331.6 raiTcar 2 2 x 7,000 2 ~ -
2 1 pTatform,
plus air
padding
faciTity
             
1One chlorine residua] anaTyzer/controTTer is required for each 302 anaTyzer/controller.
 
TABLE 3—73
PROCESS DESIGN ASSUMPTIONS - DECHLORINATION SYSTEMS
BUILDINGS AND MIXING CHAMBERS
 
SEWAGE TREATMENT
PLANT DESIGN MIXING CHAMBER
CAPACITY VOLUME1 MIXER2 BUILDING SIZE
1,000 M3/D (ft?) (H.P.)
4.54 140 0.75 10'x 12'x 8' high
22.70 700 5.0 lO'x 12'x 8‘ "
45.40 1,400 7.5 30'x 20'x 10' "
227 7,000 40 30'x 20'x 10' ”
454
2 x 7,000
2 x 40
30'x
20'x 10'
"
908 2 x 14,000 2 x 80 30‘x 20'x10' ”
     
130 secs detention at peak f10w.
2G of 300 secs-1.
3P1us a covered area 30' x 18' for cylinder storage.
TABLE 3-4
SUMMARY
OF OVERALL
CONSTRUCTION/INSTALLATION COSTS
 
 
SULPHONATION
MIXING
TOTAL
L
SEWAGE TREATMENT
SULPHONATION
BUILDING/
CHAMBER
YARD
CONSTRUCTION/
PLANT
EQUIPMENT
RECEIVING
AND
PIPING
BASE
INSTALLATION
DESIGN CAPACITY
INSTALLED
FACILITIES
EQUIPMENT
ELECTRICAL
COST
COST
1,000 M3/D
$
$
$
$
$
$
4.54
53,617
7,635
10,050
10,724
82,026
106,634
22.70
53,617
7,635
19,190
10,724
90,671
118,516
45.40
85,286
45,825
29,220
11,062
171,393
222,810
227
95,913
61,575
81,450
16,452
255,390
332,007
454
156,825
61,575
162,400
19,375
400,175
520,227
908
219,950
61,575
310,400
31,990
623,915
811,089
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3—5
SUMMARY OF ANNUAL OPERATING COSTS
YEAR—ROUND DECHLORINATION
SEASONAL DECHLORINATION
TOTAL
TOTAL
SEwAGE TREATMENT
MAINT- AMORTIZED ANNUAL
MAINT— AMORTIZED ANNUAL
PLANT
ENANCE ANNUAL OPERATING
ENANCE ANNUAL OPERATING
DESIGN CAPACITY CHEMICALS PONER LABOUR MATERIALS CAPITAL COST CHEMICALSl PONER2 LABOUR3 MATERIALS“ CAPITAL COST
1,000 M3/D
$
5 S
5
s
$
5
s s
$
3
$
-
'
l
3
5
-
 
4.54
1,378 547 3,650 1,066 10,823 17,464
689 225 2,409 1,066 10,823 ‘ 15,212
22.70 7,578 1,850 7,300 1,185 12,029 29,942 3,789 925 4,818 1,185 12,029 22,746
45.40
8,614 2,759 9,200 2,228 22,615 45,516
4,307 1,360 6,072 2,228 22,615 36,582
227
4,791 13,725 18,300 3,237 33,698 83,751
9,191 6,862 12,078 3,237 33,698 65,066
454
29,646 26,542 18,300 5,202
52,803
132,493
16,012 12,771 12,078 5,202
52,803
98,866
908
54,750 52,822 18,300 8,110 82,333 216,315 26,741 26,411 12,078 8,110 82,333 155,673
            
1At varying fractions of cost of year-round operation - see detaﬂed ca1cu1ation sheet.
2At 50% of cost for year-round operation.
3At 2/3 cost of year-round operation.
“At 100% of the cost of year-round operation.
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Fig.3-1 Construction Costs of Dechlorination Facilities Using Sulphur Dioxide
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APPENDIX 4
SEWAGE
TREATMENT
PLANT
INVENTORIES
AND
CHLORINE
USE
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 TABLE
4-1
INVENTORY OF FLOWS FROM U.S. SEWAGE TREATMENT PLANTS
ON THE GREAT LAKES1
       
RECEIVING
1975 1976 1977 AVERAGE WATER
NAME OF PLANT (103m3/day)2 FLOW TYPE3
LAKE SUPERIOR
Minnesota
Grand Marais 1.0 1.04 1.3 L
SiTver Bay 2.4 2.3 2.6 L
Two Harbors 4.1 7.2 5.2 L
West Lake Superior San. Dist.
(DuTuth — 4 pIants) 73.5 72.7 70.2 T
TOTAL 81.0 83.24 79.3 81.2
Wisconsin
AshIand 5.6 4.6 5.1 L
Superior 17.3 16.7 13.2 L
TOTAL 22.9 21.3 18.3 20.8
Michigan
Marquette
10.7
11.1
10.4
L
Portage Lake
6.3
6.78
4.8
L
TOTAL 17.0 17.88 15.2 16.7
BASIN TOTAL 118.7
LAKE MICHIGAN
Michigan
Benton Harbor 39.9 36.8 36 T
CharIevoix 1,1 _ _ T
Escanaba
7.4
7.7
6.6
L
GIadstone
2.9
-
—
T
Grand Haven 14 13.7 12 T
Ludington 8.3 9.8 7.7 L
Manistique 9.1 — - T
Menominee 9.4 - 9.3 T
Petoskey 2.8 - - T
South Haven 8.3 8.36 - T
TOTAL
103.2
76.36
62.3
80.6
—I4I-
 
         
Table 4-1 — cont‘d.
RECEIVING
1
9
7
5
1
9
7
6
1
9
7
7
A
V
E
R
A
G
E
W
A
T
E
R
NAME
OF
PLANT
(103m3/day)
2
FLOW
TYPE3
LAKE MICHIGAN — cont'd.
Wisconsin
Green
Bay
94.9
141.8
111.2
L
Kenosha
69.3
71.4
71.0
L
Manitowoc
35.1
36.0
33.8
L
Marinette
9.6
11.6
11.5
L
Miiwaukee MSC
Jones
Isiand
519.3
561
476.6
L
South
Shore
278.8
246.0
248.8
L
North Park
San.
Dist.
4.5
5.6
4.2
L
O
c
o
n
t
o
5.7
4.9
3.0
L
Port
Washington
6.5
6.3
4.7
L
R
a
c
i
n
e
74.2
76.8
79.6
L
S
h
e
b
o
yg
a
n
39.8
45.2
36
L
South
M
i
i
wa
uk
e
e
10.6
11.7
8.74
L
Sturgeon
Bay
-
—
4.78
T
Two
Rivers
11.0
10.5
7.42
L
T
O
T
A
L
1
,
0
6
4
.
4
1
,
0
8
7
.
0
9
9
0
.
1
4
1
,
0
4
7
.
2
ITTinois
W
a
u
k
e
g
a
n
N
S
S
D
6
4
.
7
6
8
.
2
7
2
.
5
6
8
.
5
L
Indiana
C
h
e
s
t
e
r
t
o
n
-
-
3.52
T
E
a
s
t
C
h
i
c
a
g
o
7
5
.
6
6
6
.
3
5
3
T
G
a
r
y
1
8
5
.
2
1
7
9
1
5
5
T
H
a
m
m
o
n
d
1
4
4
.
5
1
6
7
1
3
4
L
M
i
c
h
i
g
a
n
C
i
t
y
3
3
.
1
3
1
.
5
3
1
.
3
T
P
o
r
t
a
g
e
-
-
6
.
3
0
T
T
O
T
A
L
4
3
8
.
4
4
4
3
.
8
3
8
3
.
1
2
4
2
2
.
7
B
A
S
I
N
T
O
T
A
L
1
,
6
1
9
.
0
LAKE HURON
Michigan
A
i
p
e
n
a
1
1
1
3
1
2
T
C
h
e
b
o
yg
a
n
3.4
-
_
L
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RECEIVING
1975 1977 AVERAGE WATER
NAME OF PLANT (103m3/day)z FLow TYPE3
LAKE HURON - cont'd.
.Michigan - cont'd.
Harbor Beach 1.5 _ (1.5) I
Mackinac IsTand 1.3 - (1.3) L
Rogers City 3.1 - (3.1) L
St. Ignace 3.4 1 1 L
SauTt Ste. Marie 12.3 0. 12.5 I
TOTAL 36.0 30.4 30.0
LAKE ERIE
Michigan
Detroit 3,623 3,040 I
East China Twp. 1.6 - I
Grosse IIe Twp.
Wayne Co. 7.4 .2 7.2 I
Marine City 3.2 (3.2) I
MarysviIIe 2.1 .7 7.1 I
Port Huron 65.3 .8 33 7 I
St. Clair 2.4 - I
Trenton 18.8 .5 18.4 I
Wayne Co.
Trenton 8.8 6.2 I
Wayne Co.
Wyandotte 269 272 I
TOTAL 4,001.6 3,387.8 3,792.5
Ohio
AshtabuTa 14.0 16.6 L
Avon Lake 14.8 17.8 L
CIeveIand Easterly 388.5 501.3 L
CTeveTand Southerly 348.7 360.0 L
CTeveTand WesterIy 125.1 122.7 L
CTyde 5.7 - L
Conneaut 8.0 5 L
Erie Co. - Huron and
SawmiT] Creek 4.6 (4.6) L
EucTid 65.9 72 L
Geneva 4.2 (3.2) L
Lake Co. Madison 7.2 8 L
Lakewood 55.4 43 L
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TabTe 4-1 — cont'd.
   
RECEIVING
1975
1976
1977
AVERAGE
WATER
NAME
OF
PLANT
(103m3/day)2
FLOW
TYPE3
LAKE ERIE — cont'd.
Ohio - cont'd.
Oak
Harbor
3.0
3.6
-
T
Perrysburg
5.3
5.5
-
T
Port
CTinton
4.9
6.4
(6.4
L
Rocky
River
S.D.
#6
36.0
32.2
35.8
L
Sandusky
40
42.9
38.7
L
ToTedo
319.9
326.1
377
L
Vermiiion
4.1
4.2
5.5
L
Wi110ugby
EastTake
23.5
23.6
30
L
TOTAL
1,481.6
1,552.6
1,647.6
1,560.6
PennsxTvania
Erie
174
177
243.2
190.1
L
New York
Cheektowaga
S.D.
#5
36.2
29.3
37.5
L
Dunkirk
12.5
16.7
25.7
L
Erie
Co.
S.D.
#25
8.7
5.7
16.5
L
Fredonia
9.9
7.0
7.9
L
Hamburg
Master
S.D.
9.1
9.9
12.2
L
Hamburg
Mt.
Vernon
S.D.
1.7
1.1
1.5
L
Lackawanna
14.3
13.
12.5
L
West
Seneca
5.6
6.1
T
TOTAL
98.0
89.1
113.8
100.3
LAKE ONTARIO
New York
Alexandria
Bay
1.2
1.6
1.6
Amherst
S.D.
#1
29.3
27.4
30
L
Amherst
S.D.
#16
28.9
33.4
35
T
Brighton
ATTen
Creek
PTant
21
22.7
23.4
L
Richs
Dugway
PTant
6.4
7.3
4.9
L
BuffaTO Sewer
Authority
649.8
661.2
665.0
I
Canton
4.6
7.5
4.7
L
Cape
Vincent
0.4
.54
0.5
L
Irondequoit
N.
St.
PauT
S.D.
3.7
4.4
3.2
T
       
TabTe 4-1 - cont'd.
    
RECEIVING
1975
1976
1977
AVERAGE
WATER
NAME
OF
PLANT
(103m3/day)2
FLOW
TYPE3
LAKE ONTARIO - cont'd.
New York - cont'd.
Irondequoit
Northeast
5.0.
7.0
7.6
7.9
L
Lewiston
2.5
2.5
3.0
L
Monroe Co.
Northwest
Quadrant
29.3
38.3
33.3
L
Niagara
FaIIs
263.3
201
247
I
North
Tonawanda
26.6
28.5
22.5
I
Ogdensburg
17.3
22.9
16.1
L
Ontario
-
—
0.7
L
Oswego
East
Side
7.2
7
7
7.2
L
West
Side
6.1
6
4
(6.1)
L
Potsdam
5.1
5
7
0.1
L
Rochester
Frank
Van
Lare
PTant
261.8
284.2
244
L
Sodus
Pt.
2.2
-
(2.2)
L
Tonawanda
18.6
19.4
17.8
I
Tonawanda
5.0.
#2
48.3
50.2
57.2
I
Waddington
0.5
.4
0.5
L
Webster
7.1
6.5
6.3
L
WheatfieId
1.9
.5
5.4
L
Youngstown
1.3
2.3
0.8
L
TOTAL
1,461.8
1,460.84
1,451.9
1,458.2
GRAND
TOTAL
,
8,869.4
      
(
)Estimate
discharges
based
on
previousTy
reported
data.
.
1IncTudes
discharges
into
Great
Lakes,
Interconnecting
ChanneIs
and
T
r
i
b
u
t
a
r
i
e
s
up
to
5
km
f
r
o
m
Take.
2103m3/day
=
0.254172
u.s.
MGD
or
0.408727
cfs.
3Receiving
Water
Types:
L
=
Lake,
I
=
Interconnecting
ChanneTs
and
T
=
Tributary
(up
to
5
km
from
Take).
SOURCE;
Great
Lakes
Water
QuaIity
Board,
Great
Lakes
Water
Quality
1977
-
Appendix
C
-
RemediaT
Programs
Subcommittee
Report.
Internationa]
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
,
Wi
n
d
s
o
r
,
Ontario,
July
1978,
pp.
II—T
-
II—IS.
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 TABLE 4-2
INVENTORY OF FLOWS AND CAPACITIES OF
CANADIAN (ONTARIO) SEWAGE TREATMENT PLANTS ON THE GREAT LAKES1
 
ONTARIO
MINISTRY OF
TYPE OF
AVE. DAILY
RECEIVING
NAME OF PLANT
ENVIRONMENT
TREATMENT3
CAPACITY
FLOW $1975-77)
WATER
REGION2
(103m3/d)
(10 ma/d)
TYPE1+
-
T
4
6
—
LAKE SUPERIOR
Marathon
Nipigon
N w
ry
N
w
Red Rock
N.w.
N w
N N
N w
FY
ry
Schreiber
Thunder
Bay
N.
Thunder Bay S.
ry
l
ry 2
_
H
—
-
l
-
—
l
-
—
l
~
—
_
J
I
—
O
H
r
—
G
N
H
r
-
i
TOTALS
K
O
WPCP'S
56.
LAKE
HURON
Sau1t
Ste.
Marie
Port
McNichoTI
Penetanguishene
MidTand
Collingwood
Meaford
Owen Sound
Goderich
L
O
0
L
L
]
0
Q
‘
V
r
—
O
Q
'
L
D
O
S
ry
ry
dy
W
W
dy
ry
<
r
<
f
O
O
‘
N
O
C
D
L
O
L
D
r
—
l
H
«
o
H
(
\
J
o
H
F
-
_
_
I
_
I
_
J
.
_
l
_
_
l
_
l
O
O
W
O
N
C
D
G
D
N
N
H
O
M
N
N
N
Q
N
3
3
3
Z
L
J
Q
L
J
Q
W
W
V
)
O
<
r
<
r
>
,
U
I
—
G
H
N
H
v
—
‘
N
v
—
‘
N
0
0
TOTALS
WPCP'S
H
NC
h
   
  
    
 -
1
4
7
—
Table 4-2 - cont‘d.
 
NAME
OF
PLANT
O
N
T
A
R
I
O
MINISTRY
OF
ENVIRONMENT
R
E
G
I
O
N
2
TYPE OF
TREATMENT3 CAPACITY
(103m3/d)
A
V
E
.
.
D
A
I
L
Y
FLOW (1975—77)
(103m3/d)
RECEIVING
WATER
TYPE“
LAKE
ERIE
S
a
r
n
i
a
BeTIe
River
Windsor
(Littie
River)
Windsor
Westeriy
Amherstburg
Leamington
P
o
r
t
D
o
v
e
r
Fort
Erie
(Crystai
Beach)
N
a
n
t
i
c
o
k
e
Point
Edward
Corunna
Courtwright
T
O
T
A
L
S
LAKE
O
N
T
A
R
I
O
Niagara
Falis
Oakviiie
(S.E.)
Oakviiie
(s.w.)
Oshawa
Pickering
Port
Coiborne
E
Port
Coiborne
w
St.
C
a
t
h
a
r
i
n
e
s
(Pt.
Daihousie)
Trenton
C.F.B.
Trenton
Whitby
(Corbett)
Whitby
(Pringie)
P
o
r
t
H
o
p
e
P
i
c
t
o
n
D
e
s
e
r
o
n
t
o
G
r
i
m
s
b
y
 
St.
Catharines
(Pt.
Weiier)
 
z
é
i
i
i
é
é
d
u
d
z
z
W
W
W
W
W
W
W
3
3
3
W
W
(
J
(
J
U
L
)
C
.
)
3
0
0
0
0
3
3
3
i
U
U
Q
U
Q
Q
Q
3
a
U
 
I
—
I
N
N
H
r
—
l
r
—
(
r
—
I
N
H
H
N
N
12
W
P
C
P
’
S
r
—
J
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
 
K
O
C
O
Q
D
M
O
L
D
O
L
D
H
L
D
L
O
L
O
N
L
n
L
o
o
o
o
o
q
-
o
x
c
n
m
m
m
ﬁ
N
O
9
—
1
r
—
i
<
1
'
Q
'
r
—
i
m
O
O
O
C
O
r
—
h
—
t
D
L
n
O
H
L
o
Q
L
O
M
L
O
L
n
<
r
m
.
—
c
L
O
.
.
.
k
D
I
—
i
r
—
l
r
—
l
c
o
N
m
L
O
N
N
O
H
L
D
V
N
Q
'
C
‘
I
L
0
0
0
0
I
r
-
‘
O
V
 
<
l
'
O
H
®
O
¢
M
¢
N
J
M
H
H
O
N
o
1
—
1
p
a
a
o
M
N
L
O
N
K
D
L
O
O
W
C
H
O
K
O
N
N
-
195.1
m
(
\
I
v
a
—
I
Q
’
N
C
D
C
O
M
O
O
O
N
L
O
O
m
e
—
q
m
k
o
O
V
I
—
I
O
W
N
M
m
d
'
r
—
I
r
—
l
m
m
u
—
I
r
—
I
O
C
O
Q
'
M
C
W
O
N
N
O
O
<
f
 
l
—
l
l
—
I
I
'
—
t
—
4
l
-
—
I
_
_
l
_
_
l
_
.
J
_
_
]
O
—
(
H
I
—
I
H
_
I
_
I
.
_
l
_
l
_
_
l
H
O
—
l
_
J
_
J
_
J
_
_
l
l
—
_
J
I
—
  
 
 -
l
4
8
-
Tab
le
4-2
- c
ont
'd.
 
O
N
T
A
R
I
O
MINISTRY OF
ENVIRONMENT
REGION2
AVE. DAILY
CAP
ACI
TY
FLO
W (
197
5-7
7)
(103m3
/d)
(10 m3
/d)
RECEIVING
WATER
TYPE”
TYPE OF
NAME OF PLANT
TREATMENT3
LAKE
ONTARIO
- Cont'd.
E
 
Bath
Belleville
Burlington Skyway
Burlington Drury Lane
Ajax (Town)
Ajax (Pickering)
Cobourg
Fort Erie (Town)
Grimsby
(Baker Rd
.)
Hamilton
Mississauga (Clarkson)
Kingston Twp.
Metro Toronto Humber
Metro Toronto Main
Metro Toronto Highland Cr.
Miss. (Lakeview)
Newcastle
Kingston
Brockville
Cornwa
ll (Ci
ty)
Cornw
all
(Long
Sault
)
Iroquois
Ingleside
Prescott
o
L
I
J
L
A
J
-
C
0
m
m
o
o
L
D
r
—
l
c
—
l
m
m
C
D
M
L
O
M
N
N
l
-
D
N
n
o
o
n
—
«
H
>
3
'
0
o
r
—
G
L
O
O
I
—
Q
Q
‘
t
—
i
a
m
w
N
ﬁ
'
q
>
3
"
U
-
r
—
i
v
—
l
o
a
:
>
,
'
t
O
ﬁ
m
w
m
o
m
c
ﬁ
r
—
l
H
Q
’
L
O
N
N
N
N
O
G
‘
N
N
O
‘
I
H
M
N
O
W
O
‘
v
—
l
m
V
Q
‘
F
4
P
\
U
7
O
J
>
,
'
U
M
R
I
—
D
0
0
1
—
1
0
0
N
m
H
>
3
'
0
O
W
W
U
U
U
U
U
Z
3
3
0
W
U
U
U
U
U
W
W
W
W
W
W
W
I
—
J
—
l
—
J
f
—
I
—
F
—
H
J
I
—
A
J
J
J
F
-
n
g
m
m
m
m
m
m
>
,
'
t
N
N
N
N
N
N
N
v
—
I
N
N
N
N
N
N
N
N
N
N
H
H
N
H
H
H
.
TOTALS
41
GRAN
D TO
TAL
67
22
86
.7
2630.7
      
lInclu
des di
scharg
es fro
m the
Provin
ce of
Ontari
o into
Great
Lakes,
Interc
onnect
ing Ch
annels
, Trib
utarie
s up t
o
5 km from
the Lakes
and St. L
awrence R
iver.
2Minis
try of
Enviro
nment
Region
s: N.
w. - N
orthwe
stern;
N.E. -
Northe
astern
; C —
Centra
l; w.c
. - We
st Cen
tral;
s.w. - Southwester
n; S.E - Southeas
tern.
3Primary treatment includes chemical addition for phosphorus removal.
l‘Receiving Water Type: L - Lake; T — Tributary (up to 5 km from Lake); I — Interconnecting Channels;
8 - St. Lawrence River.
SOURCE: Pollutio
n Control Branch,
Ontario Ministry
of the Environmen
t.
 
 T
A
B
L
E
4
-
3
DAILY
PROCESSED
FLOWS
OF
TREATED
MUNICIPAL
SEWAGE
TO
THE
GREAT
LAKES
AND
INTERCONNECTING
CHANNELS
BY
BASIN
AND
JURISDICTIONl
B
A
s
I
N2
(1000 m3/d13
JURISDICTION
SUPERIOR
MICHIGAN
HURON
ERIE
ONTARIO
TOTAL
PER
CENT
  
UNITED
STATES
CONTRIBUTIONS
Minnesota
81.2
-
—
-
-
81.2
Wisconsin
20.8
1047.2
-
-
-
1068.0
Michigan
16.7
80.6
29.0
3793.5
-
‘
3919.8
ITTinois
-
68.5
-
-
68.5
Indiana
-
422.7
-
-
-
422.7
Ohio
-
-
-
1560.6
-
1560.6
PennsyTvania
-
-
-
190.1
-
190.1
New
York
-
-
-
100.3
1458.2
1558.5
N
M
H
K
D
N
K
D
N
K
C
.
0
V
(
V
)
.
M
m
e
—
4
0
’
)
H
P
!
-
1
4
9
w
TOTAL
118.7
1619.0
29.0
5644.5
1458.2
8869.4
77.1
CANADIAN
CONTRIBUTION“
Province
of
Ontario
'
56.8
-
92.1
195.1
2286.7
2630.7
22.9
TOTAL
CONTRIBUTIONS
175.5
1619.0
121.1
5839.6
3744.9
11500.1
100
PER
CENT
1.5
14.1
1.0
50.8
32.6
100.0
         
1Average
F10ws
for
1975-1977.
2IncTUdes
discharges
into
Great
Lakes,
Interconnectinq
ChanneIs
and
up
to
5
km
upstream
in
tributaries.
31000
m3/d
=
0.264172
M60
or
0.408727
Cfs.
l’Exc1udes
fTOws
from
sewage
Tagoons.
SOURCE:
TabTes
l
and
2.
 
 TABLE 4—4
SIZE
DISTRIBUTION
OF
U.S.
SEWAGE
TREATMENT
PLANTS
(STPs)
DISCHARGING INTO THE GREAT LAKES1
   
RANGE
OF
DAILY
PERCENT
OF
DAILY
PROCESSED
PERCENT
OF
PROCESSED
NO.
OF
TOTAL
NO.
OF
VOLUME
IN
TOTAL
DAILY
VOLUME
PLANTS
IN
ALL
STPs
EACH
RANGE
VOLUME
FROM
(103m3/d)
RANGE
IN
RANGE
(103m3/d)
ALL
STPs
<5
34
30.6
90
1.05
5-
50
,
55
49.6
917
10.35
50-500
19
17.1
3,551
40.04
>500
3
2.7
4,311
48.56
TOTALS
111
100.0
8,869
100.0
  
 
 
1Based on averaged discharges 1975-77.
SOURCE: TabTe 1
TABLE 4-5
SIZE
DISTRIBUTION
OF
CANADIAN
SEWAGE
TREATMENT
PLANTS
(STPS)
DISCHARGING INTO THE GREAT LAKES1
RANGE
OF
DAILY
PERCENT
OF
DAILY
PROCESSED
PERCENT
OF
PROCESSED
NO.
OF
TOTAL
NO.
OF
VOLUME
IN
TOTAL
DAILY
VOLUME
PLANTS
IN
ALL
STPS
EACH
RANGE
VOLUME
FROM
(103m3/d)
RANGE
_
IN
RANGE
(103m3/d)
ALL
STPs
<5
27
40.3
63.3
2.5
5-
50
31
46.2
619.2
23.5
50-500
8
12.0
1,139.8
43.3
>500
1
1.5
808.4
30.7
TOTALS
67
100.0
2,630.7
100.0
   
 
1Based
on
averaged
f10ws
1975-77.
SOURCE: TabTe 2
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 SIZE DISTRIBUTION OF ALL SEWAGE TREATMENT PLANTS (STPS)
TABLE 4-6
DISCHARGING INTO THE GREAT LAKES
INTERCONNECTING CHANNELS AND RELEVANT TRIBUTARIES1
        
 
  
Great Lakes Basin.
9151-
RANGE OF DAILY PERCENT OF DAILY PROCESSED PERCENT OF
PROCESSED NO. OF TOTAL NO. OF VOLUME IN TOTAL DAILY'
VOLUME PLANTS IN ALL STPs EACH RANGE VOLUME FROM
(103m3/d) RANGE IN RANGE (103m3/d) ALL STPs
<5 61 34.3 153.3 1.3
5- 50 86 48.3 1,536.6 13.4
50-500 27 15.2 4,690.8 40.8
>500 4 2.2 5,119.4 44.5
TOTALS 178 100.0 11,500.1 100.0
llBased on averaged fiows 1975-77.
SOURCE: TabIes 4 and 5
TABLE 4-7
INVENTORY OF LARGEST U.S. SEWAGE TREATMENT PLANTS
WITHIN THE GREAT LAKES BASIN
NAME AND LOCATION TYPE OF DESIGN AVE. DAILY RECEIVING
OF PLANT TREATMENT FLOW FLOW WATER BODY
(103m3/d) (103m3/d)
Green Bay Secondary 236.36 115 Lake Michigan
Kenosha Secondary 104.54 70 Lake Michigan
MiTwaukee-Jones Is. Secondary 909.09 518 Lake Michigan
MiTwaukee—South Shore Secondary 545.45 257 Lake Michigan
Racine Secondary 136.36 76 Lake Michigan
Gary Secondary 227.27 173 Lake Michigan
(Trib)
Hammond Secondary 218.18 148 Lake Michigan
Detroit Secondary 4,772.72 3,277 Lake Erie
Wyandotte Secondary 340.90 273 Lake Erie
Port Huron Secondary 90.90 51 Lake Erie
CTeveIand—Easteriy Secondary 545.45 442 Lake Erie
CIeveIand-Westeriy Tertiary 159.09 126 Lake Erie
ToIedo Secondary 463.63 341 Lake Erie
EucTid Secondary 100.00 70 Lake Erie
Lakewood Secondary 72.72 49 Lake Erie
Erie Secondary 295.45 198 Lake Erie
Buffan Secondary 818.18 658 Lake Ontario
Niagara FaIIs Secondary 227.27 237 Lake Ontario
Rochester Secondary 454.54 263 Lake Ontario
19 Piants 10,718.10 7,342
N.B. These piants account for 63.8% of totaI processed daiTy vqume to the
 
 TABLE 4-8
INVENTORY 0F LARGEST CANADIAN SEWAGE TREATMENT PLANTS
WITHIN THE GREAT LAKES BASIN
  
NAME AND LOCATION TYPE OF DESIGN AVE. DAILY RECEIVING
OF PLANT TREATMENT FLOW FLOW WATER BODY
(lDama/d) (103m3/d)
HamiTton Secondary 272.4 240.2 Lake Ontario (Trib)
Metro Toronto
- Humber Secondary 283.7 342.2 Lake Ontario
- Main Secondary 817.2 808.4 Lake Ontario
- Highiand Cr. Secondary 135.2 119.6 Lake Ontario (Trib)
- Lakeview Secondary 227.0 166.4 Lake Ontario
Windsor Secondary 108.9 100.7 Lake Erie (I.C.C.)
Kingston Secondary 118.0 57.8 St. Lawrence R.
CornwaTT Secondary 37.5 51.8 St. Lawrence R.
SauTt Ste. Marie Primary 54.4 41.0 Lake Huron (I.C.C.)
MidTand Primary 5.7 7.7 Lake Huron
Owen Sound Primary 24.5 16.7 Lake Huron
TOTAL 11 Piants 2,084.5 1,961.5
     
N.B.
These piants account for 17% of totaT processed dain voiume to the
Great Lakes Basin.
TABLE 4-9
UNIT PRICES 0F CHLORINE IN CANADA AND THE U.S., 1979
 
($/k9)
150 L8.-
LOCATION
TANK CARS
l-TON CYLINDERS
CYLINDERS
(50-89-6 MT)
(907.2
kg)
(68.04 kg)
CANADA .
Windsor
-
$0.42
—
Hamiiton
-
0.40
0.80
Toronto
0.17
0.38
-
Kingston
-
0.38
0.75
Midiand
-
0.43
-
Owen Sound
-
0.40
-
Unit Price Used in
CaIculations
$0.17
$0.40
$0.80
UNITED STATES
Michigan
0 13
0.26
0.44
New York
0.15
0.22
0.40
Unit Pr ce Used in
Calcuiations
$0.14
$0.25
$0.43
    
N.B. 1 kg = .4536 Th.
SOURCES:
Canadian
prices:
Survey
of
Sewage
Treatment.
Michigan
and
New
York:
GeraId
Brezner.
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 TABLE
4-10
ANNUAL
CHLORI
NE CON
SUMPTI
ON
BY CANADIAN (ONTARIO) SEWAGE TREATMENT PLANTS
1977 ANNUAL
TOTAL EFFLUENT ELON
CHLORINE AVERAGE ANNUAL THAT 15
G = GAS
LAKE BASIN/
CONSUMPTION DOSAGE ELON DISINFECTED MONTHS OF (CHLORINE)
REMARKS
SENAGE TREATMENT PLANT (103Kg) (mg/L) (103m3/yr.) (103m3/yr.) DISINFECTION H = NaocT
Lake Sugeriora
- -
—
- -
-
Lake
Huron
 
14,965 14,965 E 12 -
SauTt Ste. Marie
11.0
7
328
328 12
-
Port McNicoTT
0.
4
C
M
m
m
Penetanguishene
-
MidTand
1 .7
Collingwood
-
-
-
Meaford
1.0
17,644
420 5
-
Owen Sound
23.2
6 095 6 095 12
—
SUB TOTAL 1 115.6 41,842 24,618
Average 4.73 mg/L
Lake
Erie
l
0
5
<
f
‘
2,810 2,810 12
-
I
O
N
-
1
5
3
-
Sarnia
-
BeTTe River
0.7
5.
H
128 128
2.50
Plant put into operat
ion
Oct.
10
'
6
(
D
E
Windsor (LittTe River)
15.6
3.43
10,767
10,767
12
Windsor (WesterTy)
217
8.2
36,756
27,189
9
Amherstburg
-
-
-
-
Leamington
- -
-
- -
-
Port Dover
-
-
-
-
—
Fort Erie (Crysta1 B.)
Nanticoke
Point Edward
4
6 4
1,095
540
6
3 4.4 584 584 12
Corunna
2. 5 0
438
438 12
Courtright
0 7 8
73
73 12
SUB TOTAL
24377
49,741 39,718
Average 6.13 mg/L
I
O
L
D
U
J
         
  
     
Table 4—10 cont'd.
1977 ANNUAL TOTAL EFFLUENT FLON
CHLORINE
AVERAGE
ANNUAL
THAT IS
G = GAS
LAKE BAS
IN/
CONSUMPT
ION D
OSAGE
FLON
DISINFEC
TED
MONTHS
OF (
CHLORINE
)
REMARKS
SENAGE TREA
TMENT PLANT
(103Kg)
(mg/L) (10
3m3/yr.)
(103m3/yr.)
DISINFECTIO
N H = NaO
CT
Lake O
ntario
 
(
'
3
255
255
12
(
D
Deseronto
0.81 3.
Bath
—
8e11evi11e
24.1 2
BurTington (Skyway)
25 2.
BurTington (Drury Lane) 2.4 2
Ajax (Town)
—
Ajax (Pickering) — - - — -
Cobourg
— -
.- -
- -
Fort Erie (Town)
Grimsby (Baker Rd.)
HamiTton
100.6
Mississ
auga (C
Tarkson)
48
Kingston
Twp.
7
Metro Toronto - Humbc
r- 199.6
Metro Toron
to - Main
272.2
Metro Toronto - HighT
and Cr. 135.6
Mississauga (Lakeview) 226.0
NewcastTe
- -
Niagara FaTTS
-
0akvi11e (S
.E.)
- -
-
— -
Oakville (S.W.) - - - - - -
Oshawa
~ -
— -
- -
Pickering - - - - - -
Port Colborne E.
- -
— -
- -
Port 001borne w. — - — — — -
St. Catharines (Pt. N
elTar) -
- -
— —
—
St. Catharines (Pt. Dalhousie) - -
)
12,4
66
12,4
46
12
19,01
6
7,923
5
2,73
8
1,12
5
5
n
w
w
w
l
I
O
O
T
L
D
7
90,9
58
24,6
88
5.25
15,03
8
15,03
8
12
3,467
3,467
12
124,90
3
64,233
5.50
295,0
66
86,11
8
4
48,240
48,240
12
60,73
6
60,73
6
12
-
1
5
4
-
(
D
C
D
C
D
L
‘
J
C
D
C
D
L
D
O
O
‘
O
N
H
Q
D
H
V
N
N
M
M
N
Q
?
‘
Trenton
18.6
5.5
3,942
3,942
12
G
Whitby (Corbett
-
'
          
 Table 4—10 — cont'd.
1977 ANNUAL
TOTAL EFFLUENT FLOW
CHLORINE AVERAGE ANNUAL THAT IS
G = GAS
LAKE BASIN/ CONSUMPTION DOSAGE FLON DISINFECTED MONTHS OF (CHLORINE) REMARKS
SEWAGE TREATMENT PLANT (103Kg) (mg/L) (103m3/yr.) (103m3/yr.) DISINFECTION H = NaOCT
Whitby (Pri
ngTe)
- -
-
- _
_
Port Hope
— -
-
- _
-
Picton
- -
-
- _
_
Grimsby
-
-
_
-
SUB TOTAL
1,059.5 676,825 328,211
Average 3.23 mg/L
St.
Lawrence
River
Lake Ontario Basin
  
BrockviTTe
-
—
-
-
Kingston
80.2 3.8 21,097 21,097 12
CornwaTT (City)
137.0 6.7
CornwaTT (Long Sault)
-
—
Iroquois
-
-
—
-
-
-
IngTeside
-
-
-
-
—
-
Prescott
—
1
5
5
—
6.0
22372 4 ,6 0 41,610
Average 5.36 mg/L
GRAND TOTAL (ALL BASINS) 1,543
810,018
434,157
For those STPs for whom
dossage is known.
         
aNo data for Lake Superior pTants - Marathon, Nipigon, Red Rock, Schreiber, Thunder Bay N. and Thunder Bay S.
Average Dose is 3.78 mg/L.
% of Total AnnuaT Fiow Disinfected is 53%,
  
 TABLE 4-ll
TOTAL ESTIMATED CHLORINE CONSUMPTION AND DISCHARGES FROM
CANADIAN (ONTARIO) SEWAGE TREATMENT PLANTS
  
1. Total Daily Processed Volume from
Canadian Plants (1975—1977) was: 2,631 x 103 m3/d
2. Daily Processed Volume for which
Chlorine Dosage was known was 84.3%
of the Total Daily Volume or: 2,219 x 103 m3/d
3. For those plants in which dosage was
known, average Chlorine Dosage was: 3.78 mg/L
4. Total Disinfected Flow as a Percentage
of Annual Processed Volume was 54%1
5. Total Annual Chlorine Consumption for those
plants for which dosage was known was 1,653 tonnes
6. Assuming that all flows are disinfected at
a dosage of 3.78 mg/L, the Total Annual
Chlorine Consumption is estimated as 1,960 tonnes
7. Estimated Annual Chlorine Discharges
assuming 0.5 mg/L residual 259.3 tonnes
 
lSeasonal disinfection is permitted in Ontario under defined circumstances.
TABLE 4-12
ESTIMATED ANNUAL CHLORINE USE AND EXPENDITURE
AT LARGEST CANADIAN (ONTARIO) SEWAGE TREATMENT PLANTS
   
PLANT NAME ANNUAL ESTIMATED
AND CONTAINER TYPE PRICE CHLORINE USAGE EXPENDITURES
LOCATION ($/kq) USAGE ($000's)
Hamilton Rail Car .194 100.6 $19.5
Metro Toronto
- Humber Rail Car .1815 190.6 36.2
- Main Rail Car .1815 272.2 49.4
- Highland Cr. Rail Car .1815 135.6 24.6
— Lakeview Rail Car .1815 226.0 41.0
Windsor Rail Car .2017 232.6 46.9
Kingston Ton Cylinder .3849 80.2 30.9
Cornwall Ton Cylinder .3849 137.0 52.7
Sault Ste. Marie Ton Cylinder .55 77.0 42.4
Midland Ton Cylinder .43 14.7 6.3
Owen Sound
Ton Cylinder
.368
23.2
8.5
TOTAL OF PLANTS FOR WHICH
CONSUMPTION ANDICOSTS ARE KNOWN 1,498.7 $358.5
PLANTS FOR WHICH CONSUMPTION AND
(1,653.0
COSTS ARE ESTIMATED (ASSUMED TO - 1,498.7)
BE DELIVERED IN 150-LB.
CYLINDERS) 0.80 154.3 123.4
TOTALS 1,653.0 $481.9
   
- l 56 -
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 TABLE 4-13
CHLORINE
USE
AND
COSTS
AT
LARGER
SEWAGE
TREATMENT
PLANTS
IN
THE
U.S.
—
1978
      
CONTAINER
UNIT
AVERAGE
JURISDICTION
PLANT
NAME
TYPE
PRICE
CHLORINE
USE
COST
($/1b) (Tbs/d) ($103/a)
Minnesota
Duiuth
Tank
Car
.078
3,600
102.5
Wisconsin
Green
Bay
Tank
Car
.065
1,500
35.6
Wisconsin
Kenosha
Ton
.122
200
9.0
Wisconsin
MiTwaukee-Jones
Is.
Tank
Car
0.53
6,900
133.0
I
Wisconsin
MiTwaukee-South
Shore
Tank
Car
.053
2,400
46.0
-
Wisconsin
Racine
Ton
.140
550
28.0
F
Indiana
Gary
Ton
.113
625
25.0
.
Indiana
Hammond
Ton
.095
250
8.0
E
Michigan
Detroit
Tank
Car
.042
71,500
1096.0
Michigan
Wyandotte
PipeIine
.065
3,500
83.0
Michigan
Port
Huron
Ton
.046
185
3.0
Ohio
CIeveIand-Easteriy
Ton
.100
1,500
54.0
Ohio
CTeveTand-Westeriy
Ton
.100
1,000
36.0
Ohio
ToTedo
Ton
.090
1,930
63.0
Ohio
EucIid
Ton
.094
400
13.0
Ohio
Lakewood
Ton
.100
140
5.0
Pennsyivania
Erie
Tank
Car
.040
5,000
73.0
New
York
Buffaio
Ton
.125
6,700
305.0
New York
Niagara
FaiIs
Tank
Car
.060
1,700
37.0
New
York
Rochester
Ton
.085
3,900
120.0
TOTALS
113,480
2,172.0
 
A
totaI
of
18,788,202
kg
of
ChIorine
were
used
at
a
totaI
expenditure
of
$2,172,000.00.
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 TABLE 4-14
TOTAL ESTIMATED CHLORINE CONSUMPTION AND DISCHARGE
FROM U.S. SEWAGE TREATMENT PLANTS
 
1.
To
ta
l
Da
il
y
Pr
oc
es
se
d
Vo
lu
me
fr
om
u.s.
WPCP
's
(197
5—19
77)
8,86
9 x
103m
3/d
2.
Da
il
y
Pr
oc
es
se
d
Vo
lu
me
fo
r
wh
ic
h
chlorine dosage is known is 82.8%
of the Total Daily Volume or:
 
7,342 x 103m3/d
3.
Fo
r
th
os
e
pl
an
ts
in
wh
ic
h
do
sa
ge
was
kno
wn,
ave
rag
e d
osa
ge
was
6.8
0 m
g/L
4.
Tot
al
Dis
inf
ect
ed
Flo
w
as
a p
erc
ent
age
of Annual Processed Volume was 100%
5. Total Annual Chlorine Consumption
for those plants for which dosage
was
know
n wa
s
18,7
88
tonn
es
6. Assuming that all flows are disinfected
at a dosage of 6.80 mg/L, the Total Annual
Chlorine Consumption is estimated as 22,012 tonnes
7. Estimated Annual Chlorine Discharge
assumlng '5 mg/L total residual chlorine 1,618 tonnes
 
TABLE 4-15
ESTIMATED ANNUAL EXPENDITURE FOR CHLORINE USED AT
U. S. SEWAGE TREATMENT PLANTS
     
CHLORINE
CON§UMPTION UNIT PRICE COST
(10 kg/yr) ($/k9) (103/yr)
Plants for which consumption
and cost are known 18,230 2,172
Plants for which consumption
and cost are estimated (chlorine
use data indicates most small
plants would use 150-lb. cylinder) 3,782 $.40 (ISO—lb. cyl.) 1,512.8
TOTALS 22,012 w/ 150-lb. cyl. $3,684.8
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TABLE 4-16
ESTIMATED TOTAL UNITED STATES AND CANADIAN
SEWAGE TREATMENT PLANT CHLORINE USE, DISCHARGE AND COST
  
TOTAL DAILY PROCESSED VOLUME: Can. 2,631 x 103m3/Day
U.S. 8,869 x IOama/Dgx
11,500 x 103m3/Day
TOTAL YEARLY CHLORINE CONSUMPTION: Can.1 1,960 x 103K6
U.S.2 22,012 x 103Y6
23,972 x 103K6
TOTAL ANNUAL ESTIMATED CHLORINE DISCHARGE
ASS
UMI
NG
.5 m
g/L
TOT
AL
RES
IDU
AL
CHL
ORI
NE:
Can.
1
259
.3
x 1
03K
6
U.S.2 1,618.0 x 103K6
1,877.3 x 103K6
TOTAL CHLORINE COST PER YEAR: Can. $ 481.9 x 103
U.S. 3,684.8 x 103 (Using 150
, Tb.
$4,166.7 x 103 cyTinderS)
1Seasonai Disinfection
2Year-Round Disinfection
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APPENDIX 5
TASK FORCE MEMBERSHIP LIST
 
  
MEMBERSHIP LIST
CHLORINE
OBJECTIVE
TASK
FORCE
Dr. J. A. Donnan (Chairman)
Senior Economist
Program Planning & Evaluation Branch
Ontario Ministry of the Environment
Toronto, Ontario
Robert Basch
Water Quality Division
Michigan Dept. of Natural Resources
Lansing, Michigan
Dr. William A. Brungs, Ph.D.
Technical Assistance Director
Environmental
Research
Laboratory—Duluth
U.S. Environmental Protection Agency
Duluth, Minnesota
Albert D. Venosa
Wastewater Research Division
Municipal
Environmental
Research
Lab.
U.S.
Environmental
Protection
Agency
Cincinnati, Ohio
Gerald P. Brezner, P. E., Chief
Water Quality Standards Section
Bureau of Standards & Compliance
N.Y. State Dept. of Environmental
Conservation
Albany, New York
J. N. Gerald Rupke
Rupke & Associates Ltd.
Bradford, Ontario
S. Adrian Ross
Abatement
&
Compliance
Branch
Water
Pollution
Control
Directorate
Environmental
Protection
Service
Hull, Quebec
Dr. John Lawrence
Head,
Water
Chemistry
Section
Process
Research
Division
National
Water
Research
Institute
Burlington, Ontario
Vacys Saulys
Great
Lakes
National
Program
Office
U.S. EPA, Region V
536 South Clark
Chicago, Illinois
F. A. Tonelli
Pollution Control Branch
Ontario
Ministry
of
the
Environment
Toronto, Ontario
Effective December 1979
F. A. Tonelli
Phase 2 Engineering
Stelco Tower
Hamilton, Ontario
Secretary:
D. A. Bondy
Physical Scientist
Great Lakes Regional Office
International Joint Commission
Windsor, Ontario
